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THE QUALITY OF UNDERGRADUATE SCIENCE
EDUCATION

TUESDAY, MARCH 31, 1992

U.S. HousE oF REPRESENTATIVES,
COMMITTEE ON SCIENCE, SPACE, AND TECHNOLOGY,
SUBCOMMITTEE ON SCIENCE,
Washington, D.C.

The subcommittee met, pursuant to notice, at 1:47 p.m. in room
2318, Rayburn House Office Building, Hon. Ray Thornton [acting
chairman of the subcommittee] presiding.

Mr. THORNTON. The hearing will come to order.

I'd like to ask our first panel, Dr. Vest, Dr. Pister, Dr. Carlisle,
and Dr. Ferguson to please come up to the witness table, if you
will.

I want to first thank each of you for making the effort to come
down and talk about this most important topic. The quality of un-
dergraduate science education is a matter of great concern, and
how to improve that science education, not only at the undergradu-
ate level, but with the consequences of that education and its
impact upon education throughout the seamless web, from the be-
ginning of the educational process through the highest degree.

Following World War II, the United States did create the finest
research infrastructure in the world by choosing wisely to contract
its investment in basic research with institutions of higher educa-
tion.

By integrating both pedagogy and research, we were able to cap-
italize on the strengths and complementary roles of each, produc-
ing a student academic environment that was unparalleled in ex-
cellence and in opportunity.

Today, however, a nationwide perception exists that the balance
between teaching and research has become skewed in favor of re-
search and that the quality of undergraduate science education
within this country has seriously deteriorated.

Students and parents are alike in voicing their dissatisfaction
with an academic system that sometimes seems to have lost sight
of the educational needs of the students.

The faculty reward systems of universities give the appearance
that faculty are awarded promotion and tenure primarily on the
basis of research endeavors.

In addition, the current imbalance between the amount of feder-
al funds available for research and the increasing number of re-
search opportunities, has placed the university research enterprise
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under stress, and has signif.cantly reduced faculty success rates for
obtaining research support.

As a result of these pressures, faculty tend to allocate more and
more time to research and proposal writing, while teaching respon-
sibilities are transferred to graduate students or teaching assist-
ants.

Our goal today in these hearings is to examine factors that con-
tribute to establishing an appropriate balanc: between teaching
and research responsibilities of the professorate, and to enhancing
the quality of undergraduate science education.

It is not our intent to denigrate or to take away in any respect
from the important role of scientific research within the academic
institution, or to criticize those faculty whose demonstrated excel-
lence in research-related endeavors are so often rewarded.

As a Nation, we have collectively reaped significant benefits
from their dedication and valuable contributions to science.

Now, one could take the simplistic view that undergraduate sci-
ence education represents just one of many segments along the
continuous spectrum of formal education that begins with pre-
school and ends with post-doctoral study.

A more pragmatic view, and one that is instrumental to this
hearing, is that undergraduate science education serves as a pivot-
al element within the formal education structure. It serves as the
core from which scientific knowledge emanates to future scientists
and researchers, to future teachers, and to future leaders in every
sector of our society.

In short, undergraduate science education provides the founda-
tion upon which this Nation’s scientific literacy is ultimately based.

Ralph Waldo Emerson once remarked, and I quote, ‘“The secret
of education lies in respecting the pupil.”

Despite the laudable successes and significant achievements of
our research infrastructure, we must look to our academic institu-
tions to ensure that the needs of those students are addressed, and
that all students receive the quality undergraduate science educa-
tion they fully expect and deserve.

All of us here today share a common goal--to reaffirm the im-
portance, value, and honor associated with educating our Nation's
youth. This hearing, I hope, will afford us the opportunity to identi-
fy viable options and means to achieve that common goal.

Our first panel of witnesses is composed of leaders from several
academic institutions, and your guidance, direction, and steward-
ship of your faculty have a great effect, not only on academic prior-
ities, but upon the rewards that teaching . «culty receive.

Our second panel will be composed of senior and junior faculty
whose decisions regarding their own research and teaching respon-
sibilities are influenced by the faculty reward systems of their re-
spective institutions.

We look forward to the candid views and recommendations of all
of our witnesses.

I'm reminded of the story once told about a Greek philosopher, a
couple of thousand years ago, saying, “Isn’t it terrible what hap-
pened to Socrates? They've killed him.”

The response was, “Well, he may have been a good teacher, but
he never published.” Plato did the publication, I believe.



3

Mr. Packard has a prepared statement which, without objection,
I would like to enter into the record at this point in these proceed-
ings.

I recognize my colleague from Maryland, Mr. Gilchrest, if he has
an opening statement.

[The prepared statements of Mr. Thornton, Mr. Packard, and Mr.
Boucher follow:]




OPENING STATEMENT
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SUBCOMMITTEE ON SCIENCE
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March 31, 1992

Following World War 11, the Urited States created the finest
research infrastructure in the world by choosing to contract its
investment in basic research with institutions of higher
education. By integrating both pedagogy and research, we
were able to capitalize on the strengths and complementary
rales of each, producing a student academic environment that

was unparalleled in excellence and opportunity.

Today, however, a nationwide perception exists that the
balance between teaching and research has become skewed in
favor of research and that the quality of undergraduate science
education within this country has seriously deteriorated.
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Students and parents alike are voicing their dissatisfaction with

an academic system that appears to have lost sight of the

educational needs of its students.

The faculty reward systems of universities give the
appearance that faculty are awarded promotion and tenure
primarily on the basis of their research endeavors, In addition,
the current imbalance between the amount of federa! funds
available for research, and the increasing number of research
opportunities, has placed the university research enterpiise
under stress and has significantly reduced facuity success rates
for obtaining research support. As a result, faculty tend to
allocate more time to research and proposal writing, while
teaching responsibilities are transferred to graduate students or

teaching assistants.
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Our goal today is to examine factors that contribute to
establishing an appropriate balance between the teaching and
research responsibilities of the professoriate, and to enhancing
the quality of undergraduate science education. It is not our
intent to denigrate the role of scientific research within the
academic institution, or to impugn those faculty whose
demonstrated excellence in research related endeavors are so
rewarded. As a nation, we have collectively reaped significant
benefits from their dedication and valuable contributions to

science.

One could take the simplistic view that undergraduate
science education represents just one of many segments along
the continuous spectrum of formal education - a spectrum that
begins with pre-school and ends with post-doctoral study. A
more pragmatic view, and one which is instrumental to this

hearing, is that undergraduate science education serves as a



pivotal element within the formal education structure. It serves
as the very core from which scientific knowledge emanates to
future scientists and researchers, to future teachers, and to
future leaders in every sector of our society. In short,
undergraduate science education provides the foundation upon

which this nation's scientific literacy is ultimately based.

Ralph Waldo Emerson once remarked, "The secret of
education lies in respecting the pupil." Despite the laudable
successes and significant achievements of our research
infrastructure, we must look to our academic institutions to
ensure that the needs of the students are addressed and that all
students receive the quality undergraduate science education

they fully expect and deserve.

All of us here today share a common goal - to reaffirm the

importance, value, and honor associated with educating our
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nation's youth. This hearing will afford us the opportunity to

identify viable options and means to achieve that common goal.

Our first panel of witnesses is comprised of leaders from
several academic institutions, whose guidance, direction, and
stewardship of the faculty greatly influence not only academic
priorities, but also the concomitant rewards for faculty. Our
second panel of witnesses is comprised of senior and junior
facuity whose decisions regarding their own research and
teaching responsibiiities are influenced by the faculty reward

systems of their respective institutions. We look forward to the

candid views and recommendations of all of our witnesses.
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STATEMENT OF
THE HONORABLE RON PACKARD
STIENCE SUBCOMMITTEE
HEARING ON THE QUALITY OF UNDERGRADUATE EDUCATION
1:30 PM, 2318 RHOB
MARCH 31, 1592

* | welcome the gentleman from Arkansas, Mr. Thornton, who will

be chairing the hearing today for Chaiman Boucher. | am sure

Chairman Thornton will provide some valuable insights given his

former role as the President of the University of Arkansas.
* | welcome all the witnesses and extend a special welcome to Dr.
Karl Pister from the University of California at
Santa Cruz. Dr. Pister has had a very distinguished career within the
University of California -- a career that includes being selected as a
Fulbright Scholar in both Ireland and Germany. Dr. Pister is the
Chairman of the newly created Board on Engineering Educasion of the
National Research Council and he currently serves as Interim

Chancellor at the University of California, Santa Cruz.




[€)

E

PAruext provided by ERIC

RIC

10

| will be interested to hear more about the recommendations that
were generated by the task force of the UC system that looked at
faculty rewards. It is my hope that these excellent recommendations

are now in the process of being implemented.

With that, Mr. Chairman, | will conclude my opening remarks so

that we can move on to the testimony.




11

OPENING STATEMENT
OF THE
HONORABLE RICK BOUCHER (D-VA)
CHAIRMAN, SUBCOMMITTEE ON SCIENCE
ON THE
QUALITY OF UNDERGRADUATE SCIENCE EDUCATION

March 31, 1992

The people of the United States have justifiably taken great
pride in the scientific excellence demonstrated by this nation as
a whole, particularly in this competitive global environment. Our
research infrastructure, established as a cooperative joint
venture between the federal government and the academic
community, has become the envy of the world. But we can ill

afford to rest on our laurels. Current indicators reflect a

potentially disturbing erosion of the scientific literacy in this

country - a trend that may ultimately and irreversibly damage the

economic strength and competitiveness of this country.
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The purpose of the hearing today is to examine one of the
most crucial and pivotal elements in the determination of our
nation's scientific literacy - the quality of undergraduate science
education. This area of examination is not limited solely to the
education of those individuals who seek professional careers in
the sciences. On the contrary, the quality of undergraduate
science education received by non-science majors has equal, if

not greater, impact on society as a whole.

Those undergraduate students who choose careers in
other fields will require a solid foundation in science in order to
apply their respective skills in a technologically explosives
international environment. Even more significantly, those
undergraduate students who choose careers in teaching will
eventually impart their knowledge and understanding of science

to the children of today - the leaders of tomorrow. Thus,

& " §
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limitations or deficiencies in undergraduate science a2ducation

ultimately impact every sector of our society.

Has the quality of undergraduate science education been

deteriorating? Public perception seems to indicate "yes'".

However, we seek today not to “pass judgement" on the
academic community, but rather to address a root cause of this
perception and to solicit constructive mechanisms to effect

institutional change.-

At the very heart of this issue is the current faculty reward
system, which anpears to favor the research endeavors of the
professoriate at the expense of the teaching endeavors. |If
faculty are primarily recognized and rewarded on the basis of
their research efforts, where is the incentive (other than personal
devotion and motivation) to dedicate one'’s time to teaching the

undergraduate students? Clearly, the element of instruction
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must be recognized for its value and importance to this nation,

and rewarded accordingly.

I welcome the witnesses who have come here today to
share their views, observations, and recommendations on this
important issue with our Subcommittee. Working together we
can fearn from past experiences, identify areas for potential

change, and explore new and innovative programs designed to

improve the quality of undergraduate science education.

We are all in agreement on the importance of science
education to this nation. Let us take the opportunity of this
hearing to collectively address substantive, proactive measures
to enhance the quality of that education, for we are all the

ultimate beneficiaries.
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Mr. GiLcHREST. Thank you, Mr. Chairman.

I have no formal opening statement. I do look forward to the tes-
timevy from the panel this afternoon.

I know that it is significantly important for us to understand
how science and math can be a part of the instructional fabric of
universities and colleges, so that they maize a significant impact on
those teachers and people that will absorb that information.

This is probably the most important infrastructure that our
country has, and that’s the manner in which we instruct people to
further disseminate that information. It is vital that we get some
sense of how we can improve upon that—what our strengths are,
what our abilities to be creative are, and so forth.

I would also like to emphasize the importance of this as a history
ieacher, over the past so many years, up until last year, in that
after they get out of undergraduate school, I think it is vital not to
let the line go, but teachers continually need to be updated on spe-
cific information, and motivated, because the term ‘“burn-out’” is
fairly prevalent in our public schools.

Undergraduate schools can do a great deal to perpetuate their
sense of importance in the community. After they leave these un-
dergraduate schools, some continued association with them in some
manner, I think, is vitally important.

I'll just throw a plug for a book that was written about 25 years
ago. As a history teacher, I read the book, and use it as part of my
instruction periodically, but I think it's a great blending of the dis-
ciplines. It was a book written by Jacob Bronowski, called “The
Ascent of Man.”

It blended, so perfectly, philosophy, economics, history, science,
of course, religion, in a way that people understood the context of
science and math in the importance of people’s lives.

So, ladies and gentlemen, I look forward to your testimony.

Thank you, Mr. Chairman.

Mr. THORNTON. Thank you very much.

I also enjoyed the wonderful Bronowski book. It is an excellent
piece.

I want to express, for the Chairman of the Science Committee,
the Honorable Rick Boucher, his regret that he could not be here
today. He was really looking forward to this hearing.

When it appeared that his schedule would not allow him to be
here, he asked me, I think, because I lefi the presidency of the Uni-
versity of Arkansas to seek to return to Congress to chair the hear-
ing.

He said, “Ray, why did you give up being president of the Uni-
versity of Arkansas to come back to Congress?”’ I admitted that I
got tired of all the politics.

(Laughter.]

Mr. THORNTON. Henry Kissinger once said that, “The reason that
university politics is so fierce is that the stakes are so small.”

(Laughter.]

Mr. THORNTON. But the administration of universities is the most
significant task that faces our country, because the foundation of
education is higher education.

Education means to educe or to pull up or pull out of or pull
through. It is at the level of higher education that you put the

15
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pulley, and that you lift, as we did with ths land grant college
system, the entire fabric of a Nation’s educatioual structure.

Dr. Vest, I'd like to ask you to begin the testimony today. Your
excellent prepared testimony will be made a part of the record,
without objection, in full. I would like to ask that you summarize it
so that we may hear from each of the witnesses today.

STATEMENT OF DR. CHARLES M. VEST, PRESIDENT, MASSACHU-
SETTS INSTITUTE OF TECHNOLOGY, CAMBRIDGE, MASSACHU-
SETTS

DMr. VEsT. I would like to begin by warning my colleagues that
if we are facing a chairman who is a former university president,
and a Congressman who reads Bronowski, we’d better speak the
truth today.

Mr. Chairman, it’s a great honor to be here to address the com-
mittee on a topic of utmost importance, the quality of undergradu-
ate education, the relationship and balance between teaching and
research.

This Nation is in a slump, economically, politically, and socially.
As my favorite philosopher, Pogo Possum, once said, “We are sur-
rounded by insurmountable opportunities.”

You have heard the litany of things that many believe are neces-
sary to pull ourselves out of this trend. The essential prerequisite
for progress, the sine qua non for a vibrant American future, is the
development of our human capital— our people and their ideas.

Our system of public and private higher education is one of the
most successful undertakings in human history. It is unparalleled
in seale, scope, and quality.

It has repaid the Nation's investment in many ways, and at rates
that gefy ordinary economic analysis. It is the best in the world—
period.

But greatness can be fleeting, if we rest upon our laurels, if we
do not move with the times, or if we fail to anticipate the future.

American undergraduate education must be continuously im-
proved, and therefore it must be valued and invested in by the
Nation.

Because of research at institutions such as MIT, undergraduates
are taught by faculty members who teach the future, not just the
past, of their fields.

Where there are problems with science education, I believe that
it is more often because of an artificial separation of teaching and
research than because of an overemphasis on research.

Faculty in the universities that I am aware of work very, very
hard. Indeed, they work obsessively. We keep asking more and
more of them, and they keep asking more and more of themselves.
Nonetheless, the promotion and reward system clearly influences
what they work on and how.

Promotion, tenure, and salary cetting must be designed to pro-
mote excellence in learning through education and research.

I do not recommend that we deviate from that goal. The times
call for more flexibility than I sometimes observe.

I"'m aware of schools that have carefuliy quantified the minimum
number of publications they require for tenure, for example. This
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is nonsense and a cop-out. It is an evasion of judgment of merit and
excellence. . o
rewarded, but they must be held to the same standards of excel-
lence that we attempt to hold scholarship and research to.

The system must allow for a broader range of activities along the
teaching/research spectrum, but quality and effectiveness must
remain the bottom line.

The most important consider “ions are those that deal with
young faculty. These considerations are indeed influenced by feder-
al policy and funding.

Many of our younger faculty are fixated on what they see as the
mechanics of attaining tenure. They feel pressed to rapidly estab-
lish research programs, laboratories, funding, and lengthy publica-
tion recerds, and to do so in a world where the competition is fierce
for research grants that continue to shrink in size and duration.

In my view the surest way to dampen further efforts of junior
faculty in teaching would be to cut research budgets, or to continue
the erosion of merit and peer review, as the criterw.: for awarding
research funding, thereby increasing still further the difficulty of
meeting this area of faculty responsibility.

There are many areas that we could discuss today, and certainly
many more than I could possibly cover in the allotted time.

For example, universities must educate for a changing world—a
world in which virtually every activity is carried out in an interna-
tional context, and in which women and members of under-repre-
sented minority groups must fully participate.

But let me offer a few recommendations that I believe should be
implementad by universities, by the Federal Government, or jointly
by academia and government.

First, fix the K-12 system. The Nation simply must come to grips
with the enhancement of primary and secondary education, and
the establishment of popular respect for learning and accomplish-
ment. Issues of undergraduate science and engineering education
will be much easier to deal with once that is done.

Senior faculty and administrators must bring about a shift in the
academic culture that more strongly recognizes the importance of
teaching and educational innovation. However, I again emphasize
that excellence and rigor must be demanded.

Particular emphasis should be placed on improving the quality of
introductory science and mathematics courses. It is in these
courses that fundamental understanding and knowledge are im-
parted. Inspiration and motivation are most important at this
levell(,1 and cours2 content must be related to the contemporary
world.

We must use graduate student teaching assistants only in con-
texts that are reasonable. We have a responsibility to see that they
are appropriately prepared for their duties.

Particularly in engineering education, we must give greater em-
phasis to design, to integrative activities, and to teamwork.

Major institutional and national awards and fellowships recog-
nizing faculty who have made extraordinary contributions to edu-
cation of undergraduate students should be established. The new

:).
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Margaret MacVicker Faculty Teaching Fellows Program at MIT is
intended to establish this precedent.

We must foster a greater diversity of kinds of educational institu-
tions. Not every institution should aspire to be a PHD-granting re-
search university. The country can’t afford it, and more important-
ly, we need to more clearly recognize the value of different kinds of
education and training for different peaple.

Programs should be developed and extended that involve under-
graduates in research together with faculty and graduate students.
Examples include MIT’s Undergraduate Research Opportunity Pro-
gram or UROP.

NSF has developed add-on funding to research grants to support
undergraduate involvement. All the evidence that I am aware of
shows tremendous payoffs for such efforts.

A more concentrated effort is needed to increase the productivity
of universities, both individually and collectively, through the use
of modern information technology such as computing, simulation,
and interactive video.

We should more fully exploit the developing computing infra-
structure and networks of the country. Imaginative educational ap-
plications seem to me to be lagging behind even the available tech-
nology.

Research funding for faculty should become more plentiful, not
less, and it should be awarded on the basis of merit, not politics.
Proposal writing and administrative loads on faculty, especially the
younger faculty, must be reduced.

As part of this, we must get away from the devastating, develop-
ing view In some corridors of the Federal Government of universi-
ties as simply research contractors.

Instead, we must promote the interaction of research and teach-
ing within institutions, and recognize the importance of these insti-
tutions to the Nation.

We must recognize that universities are financially very fragile
at the moment. Private universities have only three sources of
income—tuition, private giving, and sponsored research.

Whenever federal support for research or fellowships do not
cover the actual costs incurred, then cost sharing from the other
two sources is forced, and funds available for direct teaching and
educational purposes decrease.

Programs that support equipment and facilities for undergradu-
ate teaching laboratories should be expanded and, in general, en-
couraged.

Government agencies should fund educational pilot projects and
the development of innovative curricular and teaching materials.

However, in my view, universities should not walk out on the
limb of long-term dependence on external sponsorship for faculty
?_alaries and operating costs directly associated with the teaching

unction.
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Reform and tuning of the academic culture is needed and, in my
view, is beginning to occur. Despite the fact that some significant
changes are necessary to further enhance the quality of undergrad-
uate science and engineering education, it remains my view that it
is the synergy of research and teaching that has made our system
of higher education the best in the world.

Thank you very much.

[The prepared statement of Dr. Vest follows:]

[€)

ERIC

PAruext provided by ERIC



20

Written Statement of Charles M., Vest
President, Massachusetts Institute of Technology

before the
Subcommittee on Science Hearing on
Quality of Undergraduate Educaticn

House Coinmittee on Science, Space, and Technology

Tuesday, March 31, 1992

INTRODUCTION -
Mr. Chairman, [ am Charles Vest, President of the Massachusetts

Institute of Technoiogy. | am honored to have the opportunity lo address this

committee on a lopic of utmost importance -- the qualily of undergraduate

education and the balance between teaching and research.

I was born and raised in West Virginia, where I atlended public schools and
graduated as a mechanical engineer from West Virginia Universily in 1963,
Thereafter, | moved to The University of Michigan where [ earned a masters degree
and, in 1968, my '"hD in mechanical engineering. [ served on the faculty of
Michigan's College of Engincering from 1968 to 1990.

During most of these years I was active in both teaching and research. i taught
both undergraduate and graduate courses every term. At Michigin, | served as dean
of the College of Engineering and then as Provost and Vice Presic.ent for Academic
Affairs. In October 1990, Ihad the honor to become president of MIT. I view this
appointment as a call te national service, and it is in that spirit that I come before
this committee today.

This nation is in a slump -- economically, politically and socially. As my
favorite philosopher, Pogo Possum, once said, "We are surrounded by
insurmountable opportunities.” You have heard the litany of things that most
believe are necessary to pull ourselves away from this trend, especially
economically: increase savings rates...focus on the long term..learn to live in the
world of interconnected economies, production systems and communications...and
train tomorrow's workforce so that it is committed to excellence and is
representative of the rapidly changing demography of our nation. But the essential
prerequisite for progress, the sine gua #on for a vibrant American future, is the
development of our human capital -- that is, our people and their ideas.

Our system of public and private higher education is one of the most
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successful undertakings in human history. It is unparalleled in scale, scope and
quality. It has repaid the nation's investment in it in many ways and at rates that
defy ordinary economic analysis. It is the best in the world - period.

But, I can imagine that just a decade or two ago, the president of some major
US. manufacturing firm might have spoken to you with equal conviction about the
unparalleled strength of his firm or industrial sector. It is unlikely that today that
same individual would be able to claim to represent the best in the world. Greatness
can be fleeting if we rest upon our laurels, if we do not move with the times, or if
we fail to anticipate the future. American undergraduate education must be
continuously improved, and therefore it must be valued, and invested in, by the
nation.

There are two issues in undergraduate scicnce and engineering education -
the education of scientists and engineers; and the scientific and technological literacy
of students majoring in the arts, humanities, business, and other fields. T will
concentrate on the education of science and engineering majors today, but would
like to register my view that the scientific literacy of non-majots is a growing
national problenmy, Indeed, when tHarvard students recently interviewed just prior
to their graduation, were asked "What is your one biggest academic regret"”, 39% of
the humanities majors answered "l wish that I had taken more science.”

THE INTERACTION OF TEACHING AND RESEARCH

In many universities, significant change is required to improve the quality of
undergraduate science and engineering education. However, nosing the issue
starkly as a balance between teaching and research evades the complexity of this
important topic.

For example, it is important to understand that in science and engineering,
undergraduate course topics and materials generally evolve from research
developments, then move into graduate courses and only then, as they are refined
and honed and their essentials understood, move into undergradvate classrooms
and textbooks. In recent testimony before the Nationa!l Research Council Board on
Engineering Education, several educators who described innovative new
approaches to undergraduate education noted that this mode of evolution
continues today. PFurthermore, in engineering education, the coupling of industrial
research interactions with undergraduate course development is clearly increasing
in importance.

Because of research at institutions such as MIT, undergraduates are taught by
faculty members who teach the future, not just the past of their subjects. In addition
to their classroom work, students learn from tutors and fellow students in study
groups, and -- increasingly -- by working directly with faculty, graduate students, and
staff on research projects.
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Where there are problems with science education, I believe that it is more
often because of a separation of teaching and research, rather than an overemphasis
on rescarch. As Professor Hal Abelson of our computer science faculty, a widely
respocted teacher of undergraduates, has put it:

A lot of science education is fossilized, largely because
people have forgotten that learning about science must
involve doing science. One symptom of this is the way

that discussions about faculty roles in education get polarized
around the "research vs. teaching” issue MIT's
Undergraduate Research Opportunities Program is a
wonderful example of how to get around this, and it's
puzzling and troubling that the program has been so hard

to transplant to other universities.

1 bolieve that in the lony run, it requires the discipline, joy and continual
renewal 0! original research, scholarship or other creative intellectual activity to
keep us lively and successful as teachers. One may start out as an effective and even
brilliant teacher, but without the kind of continuous renewal that research and
scholarship provide, one will not grow in wisdom and breadth, and over time may
lose rather than gain in effectiveness as a teacher.

FACULTY PROMOTION, TENURE AND REWARDS

Faculty in the universities that I am aware of work very, very hard.
Indeed they work obsessivelv. We keep asking more and more of them, and they
keep asking more and more of themselves. Nonetheless, the promotion and
reward system clearly influences what they work on, and how.

Promotion, tenure and salary setting must be designed to promote
excellence in learning through education and research. I do not recommend that we
deviate from that goal, but 1 do believe that the times call for more flexibiiiiy than |
scmetimes observe. [ am aware of schools that have carefully quantified their
requirements for tenure, for example requiring a certain minimum number of
publications. This is nonsense and a cop-out. It is an evasion of judgement of merit
and excellence.

Teaching and instructional innovation must be recognized and rewarded, but
they must be held to the same standards of excellence to which we attempl to hold
scholarship and research. The system must allow for a broader range of activities
along the teaching/research spectrum, but quality and effectiveness must be the
bottom line.
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The most important considerations are those that deal with young
faculty. And these considerations are influenced by federal policy and funding.

[t is true that many of our younger faculty are fixated on what they view as
the mechanics of attaining tenure. They feel pressed to rapidly establish research
programs, laboratories, funding, and lengthy publication records, and to do so in a
world where the competition is fierce for grants that continue to shrink in size and
duration. (Today, both the NIH and the NSF fund fewer than one-third of their
grant applications.) These younger colleagues believe that research sponsors and
university administrators require them to spend most of their time generating
entropy rather than useful work. And they wonder if they will ever have time to
spend with their families.

Many assistant professors building their careers and moving toward tenure
do express concern about a lack of time to commit, and rewards to be reaped, for
innovation in undergraduate teaching. In my view, however, the problem is not
doing research; it is the increasingly oppressive environment for developing
spensorship for their research. Too much time must be devoted to proposal writing
and research administration, and not enough time to research itself. The surest way
to dampen further the efforts of junior facuity in teaching would be to cut research
budgets, or to continue the erosion of merit and peer review as the criteria for
awarding research funding, thereby increasing still further the difficulty of meeting
this area of faculty responsibility.

RECOMMENDATIONS

There are many more areas to be discussed than [ can possibly cover in the
alloted time. For exampie, universities must educate for a changing world -- a
world in which virtually every activity is carried out in an international context,
and in which women and members of underrepresenterd minority groups must
participate fully. But let me offer a few recommendations that I believe should be
implemented by universities, by the federal government, or jointly by academia and
government.

. Fix the K-12 svstem. The nation simply must come to grips with the
enhancement of primary and secondary education and the establishment of
popular respect for learning and accomplishment. Issues of
undergraduate science and engineering education will be much easier to
deal with once that is done.

Senior faculty and administrators must bring about a shift in

academic culture that more strongly recognizes the importance of teaching
and educational innovation. An atmosphere of respect for first-rate
teaching, and enjovment by students and faculty of learning together

must be fostered. However, excellence and rigor must be demanded.
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Particular emphasis should be placed on improving the quality of
introductory science and mathematics courses. It is in these courses

that fundamental understanding and knowledge are imparted. Inspiration
and motivation are most important at this level, and course content must
be related to the contemporary world.

We in the universities must use graduate student teaching assistants
only in contexts that are reasonable, and we have a responsibility to
see that they are appropriately prepared for their duties.

Particularly in engineering educatian we must give greater emphasis
to design, integrative activilies and teamwork.

Major institutional and nationai awards and fellowships recognizing
faculty who have made extraordinary contributions to the education of
undergraduate students should be established. The new Margaret
MacVicker Faculty Teaching Fellows Program at MIT is intended to
establish this precedent.

We must foster a greater diversity in kinds of educational
institutions. Not every institution should aspire to be a PhD-granting
research university. The country can't afford it, and, more
importantly, we need to more clearly recognize the value of different
kinds of education and training.

Programs should be developed and extended that involve undergraduates
in research together with faculty and graduate students. Examples

include MIT's Undergraduate Research Opportunity Program (UROT). NSF
has developed add-on funding to research grants to support undergraduate
involvement. All the evidence that I am aware of shows tremendous
payoffs for such efforts.

A more concerted effort is needed to increase the productivity of
universities both individually and collectively through the use of
modern information technology such as computing, simulation, and
interactive video. We should more fully exploit the developing
computing infrastructure and networks across the country. Imaginative
educational applications seem to be lagging behind the technology.

Research funding for faculty should become more plentiful, and it
should be awarded on the basis of merit, not politics. Proposal writing
and administrative loads on facuity, especially the younger faculty,
must be reduced.
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We must get away from the devastating developing federal view of
universities as simply research contractors. Instead, we must promote
the interaction of research and teaching within institutions whose
importance to the nation is recognized and valued.

You must recognize that universities are financially very fragile at

the moment. Private universities have only three sources of income --
tuition, private giving and sponsored research. Whenever federal
support for research or fellowships does not cover the actual costs
incurred, then cost sharing from the other two sources is forced, and
funds available for educational purposes decrease.

Programs that support equipment and facilities for teaching
laboratories should in general be encouraged.

Government agencies should fund educational pilot projects and the
development of innovative curricular and teaching material. However,
universities should not walk out on the limb of long-term dependence on
external sponsorship for faculty salaries and operating costs of

teaching.

CLOSING

Universities should be dedicated to learning, Learning takes place in a variety
of ways -- through formal course work, through research, and through involvement
in the general academic discourse. Reform and tuning of the academic culture is
needed, and in my view is beginning to occur. Despite the fact that some significant
changes are necessary to further enhance the quality of undergraduate science and
engineering education, it remains my view that it is the synergy of research and

teaching that has made our system of higher education the best in the world.

Before coming down here today, I asked several of MIT's most accomplished
undergraduate teachers what they would like to say to you. Let me close by quoting
the response of Dan Kemp, a member of our Chemistry faculty and a MacVicker
Fellow:

We are living at a unique moment in human history, in
which we are finally answering many of the deep
remaining questions concerning the nature of the physical
universe, of the human organism, and of life itself. A
nation that can seize the creative potential of these exciting
titnes can ensure that it is governed by a political process
that is grounded in rationality, and it can foster a level of
technological creativity that guarantees prosperity and
decent quality of life, both for itself and for its future
generations.
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Mr. THorNTON. Thank you very much, Dr. Vest for an eloquent
statement.

A former president of the University of Arkansas, who also left
the university to come to Congress, named J. William Fulbright,
once made the statement in talking about the politician as an edu-
cator, that it was essential that we educate our leaders before they
become our leaders, that the old system of the politician educating
the congtituency had fallen into a lot of problems with the 30
second sound bites, and that it was very important for us to have—
not only in the sciences, but throughout the philosophy of educa-
tion—to have educational institutions that presented well rounded
people to become our leaders.

I thank you very much for your testimony. Dr. Pister.

And, let me identify cur witnesses more completely for the
record. President Vest is head of the Massachusetts Institute of
Technology, one of our truly great national treasures, and we are
so honored that you are here.

Dr. Pister is Chancellor of the University of California at Santa
Cruz. Dr. Pister we are honored that you are here.

STATEMENT OF DR. KARL S. PISTER, INTERIM CHANCELLOR,
UNIVERSITY OF CALIFORNIA AT SANTA CRUZ, SANTA CRUZ,
CALIFORNIA

Dr. Pister. Thank you, Mr. Chairman and members of the com-
mittee.

For the record, I should also say that I spent most of my faculty
career at the University of California at Berkeley, the last ten
years of which were service as Dean of the College of Engineering.

Also, I am currently Chair of the National Research Council
Board on Engineering Education, which has a great deal of interest
in the subject under discussion today.

In 1991, I was Chairman of the University of California System-
wide Task Force studying the faculty reward system at the Univer-
sity of California. That experience is largely the basis for my testi-
mony today.

It's not surprising—

Mr. THORNTON. Mr. Pister, without objection, your full, prepared
testimony will be made a part of the record, verbatim, at this point
in the record.

Dr. Pister. Thank you, sir.

Since Dr. Vest and I were both educated as engineers and served
similar experiences in our academic careers, it will be no surprise
that much of my testimony follows his, with perhaps just a few
minor nuances.

First of all, the research university system in the United States,
which is largely a post-World War II phenomenon is, indeed, a
great institution. Nothing that I have to say should be construed as
a need for substantial change in the research institutions of the
United States.

Nevertheless, there are important characteristics that have been
acquired over the last 50 years or so that I believe are important
and must be considered and changes made if the research universi-
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ty system of this country is to serve the Nation as it must in the
coming century.

First of all, our research universities have a tripartite mission of
teaching research and public service. This, in itself, has a major
impact—the balance among those three categories on how these in-
stitutions serve the Nation.

Secondly, these institutions supply the faculty to most all other
higher educational institutions in the United States. They are the
Ph.D.-producing institutions that supply faculty.

Therefore, the value system that is set by research universities is
inherited and passed on in some sort of educational genetic code
that influences almost all of higher education.

In addition, the research university model sets the value system
for faculty performance, by and large, in most of our institutions.

The research university has, likewise, tended to homogenize in-
stitutional mission. Dr. Vest ref:rred to this already. Ii's too many
institutions in the United States, in my view, aspire to become a
research university in the present scene.

This was captured in a recent paper by Clark Kerr entitled, ‘“The
Race to be Harvard, Berkeley, or Stanford,” clearly written before
recent events at Stanford.

[Laughter.]

As a Berkeley person, off the record, I couldn’t avoid saying that,
of course.

Research universities have also created the pressure of produc-
tive scholarship.

Mr. THoRNTON. Dr. Pister, let me just interrupt at that point,
though, to say, that when one evaluates the contributions that that
great university has made to our Nation—its knowledge, its ability
to develop high technology skills, employment opportunities for our
people— the fact that a mistake is made does not necessarily con-
demn the system or the process by which the Federal Government
has provided support for those institutions.

Dr. PisTER. The record must show that that was a remark made
in jest. Only people that either have gone to Stanford or Berkeley
fully appreciate the friendly rivalry between the Institutions,
which I entrusted two of my daughters, to I should say.

Mr. THORNTON. Thank you very much.

Dr. Pister. Research universities have created the pressure of
groducg,ive scholarship, often called the ‘“publish or perish syn-

rome.

Indeed, this manifests itself in such pressures as the need for
academic year salary offsets for university faculty in research uni-
versities. In other words, the substitution of research for teaching,
which is a pressure that is dictated all too often by instituticnal
economics more than mission of the institution.

They have created institutional and individual metrics for pres-
tige and awards. The nationai rankings, hewever determined,
whether by the news media or by surveys, typically look at the re-
search component of the institution in establishing a hierarchy.

They have tended to erode the loyalty and allegiance of faculty
to the home institution in favor of allegiance to the discipline.

This horizontal peer group, so to speak, is a peer group that has,
in many cases, displaced the institutional loyalty, because of the
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need for peer group evaluation in the publication process, and in
the evaluation of research proposals.

There is thereby created a loss of a sense of community at a typi-
cal research university and, in turn, this strongly impacts curricu-
lar development, and undergraduate teaching.

There have been several surveys, one notably by Ernest Boyer,
who called attention to the age-related concerns that lie in this
area that are in the printed text. This is a problem that is particu-
larly acutely felt by those under 40 years old in the academy.

Lastly, research universities have been relatively unresponsive to
diversity issues—issues which, in my view, are poised to overwhelm
our post-secondary institutions in the coming decade.

As an example, in 1995, the public high school graduating classes
of California and Texas will be more than 52 percent minority. The
disciplinary focus, as opposed to a more community focus, of our
research universities make it difficult to deal with the human re-
source questions that are typically associated with large under-rep-
resented minority populations in our institutions.

So what recommendations for changs can I give?

Tirst, a set for our institutions—first, encourage and reinforce di-
versity in institutional mission. Let's not all try to be Harvard, or
MIT, or Stanford. Let's encourage flexibility in rewarding faculty
performance over the full range of institutional mission, teaching
research and service, emphasizing quality of scholarship that is
demonstrated by the record.

Here I would quote from the University of California Personnel
Manual which says, The sine qua non ‘“is superior intellectual at-
tainment, as evidenced in teaching, research or other creative ac-
tivity.” That has been far too narrowly defined by most of our re-
search institutions.

We should give the same attention to the peer evaluation of
teaching that we currently give to the peer evaluation of research.

It is a self-fulfilling prophecy to say that the evaluation of teach-
ing is too difficult and, therefore, we won’t do it. We should encour-
age scholarly activities aimed at improving K-12 education, espe-
cially in mathematics, science, and communication skills, a matter
that Dr. Vest has already addressed.

We should not leave this connection to K-12 mainly or exclusive-
ly or, indeed, at all to schools of education, but rather engage the
faculty from across the university departments to aim their efforts,
in part, at improving K-12 education.

And, finally, we should encourage activities aimed at improving
integration and coherence of particularly the freshman year
courses in science and mathematics.

We should, indeed, deal with this as a problem of attrition that is
impacting at least half of the students that go into these fields in
our universities in this country.

Two years ago, there was a very useful conference—a very pro-
ductive conference—at Michigan, called the Freshman Year in Sci-
ence and Engineering. It's all too infrequently that faculty get to-
gether across departments fo talk about freshman curriculum.

Finally, a recommendation to the government and, I think, ap-
propriately directed to FCCSET and that is, to encourage culture
changes in Federal, State and other agencies that fund and evalu-
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ate institutions to focus on the above changes in universities. This
is a quote taken from a very excellent report that was recently pro-
duced by the National Science Foundation.

The National Science Foundation, indeed, in my view, has gotten
out in front by producing programs that are model programs for
changing the focus from purely a focus on research to programs
that support research in teaching and ths delivery of curriculum.

Thank you, Mr. Chairman.

{The prepared statement of Dr. Pister follows:]
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HEARING ON THE QUALITY OF UNDERGRADUATE SCIENCE EDUCATION:
ACHIEVING A BALANCE BETWEEN TEACHING AND RESEARCH

Statement of

Chancellor Karl S. Pister
University of California, Santa Cruz
Santa Cruz, CA 95064

before the
Subcommittee on Science
Committee on Science, Space, and Technology
U.S. House of Representatives

March 31, 1992
INTRODUCTION

The mission statements of research universities in the
United States typically embrace three areas of faculty
activity: teaching, research and public service.
Consequently, it follows that the criteria for evaluation
and reward of faculty performance should cover the same
areas of activity. What has this to do with the guality of
und~rgraduate science (and engineering) education? My
response is “"everything." Evaluation and reward of
performance are strongly coupled to the improvement of
undergraduate education. In what follows I will briefly
develop an historical perspective for examining the
contemporary research university to place the so-called
"teaching vs. research" issue in a context that suggests
courses of action. I will conclude with some
recommendations for change, both at the level c¢f the
institution and the federal government.

Some 35 years ago I recall a meeting of the faculty of the
College o©of Engineering at Berkeley at which was discussed
the following proposition:

Should graduate students who were employed on
research projects. and therefore paid a salary, be
allowed to use the results of their research in
fulfillment of the requirements for the thesis or
dissertatioan?

This question speaks of another era which contrasts sharply
with the academic world today, and which sets a context for
my remarks. It marked the end of an era during which the
impact of federal support of research had a relatively small
effect on undergraduate education, while at the same time
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marking the emergence of the "research university" of today.
Among the some 3,000 institutions of higher learning in this
country, american research universities have achieved
undisputed success in research, service and provision of
mass education. Notwithstanding this success, they have, in
my view, acquired symptoms that are brought to mind by the
following gquctations:

“The institutionizing on a large scale of any natural
combination cf need and motive always tends to run
into technicality and to develop a tyrannical Machine
with unforeseen powers of exclusion and corruption."

From & 1903 essay on the Ph.D. by William James.

"Practices that begyin by filling needs become detached
from their original purposes, even counterproductive to
them. Having been adopted on a large scale, however,
these practices take on a power of their own. We place
expectations on college and university faculty members
that discourage them from devoting time to students and
the classroom. Tyrannical machines dominate American
education."

From Lynne V. Cheney’s Na:tional Endowment for the
Humanities Report, 1990.

Whether or not tyrannical machines dominate, or simply skew
the missions of research universities, there are such
machines among us. Let me briefly sketch factors that have
brought this about.

AN HISTORICAL PERSPECTIVE

The evolution of the mission of American wuniversities has
reflected important societal needs at critical times. The
clear focus of the early colonial colleges was on the
intellectual and moral development of a (male) student body,
which would in turn contribute to the public good. Indeed,
the newly appointed President of Harvard College, Charles
Elliot, declared in 1869 that "“the prime business of
American professors...must be regular and assiduous class
teaching.'" Note that the term “research" does not vyet
appear in the mission statement.

The Morrill Act of 1862 and the Hatch Act of 1887 provided
unprecedented opportunities for states to develop a new kind
of public institution that would support both education in
the liberal arts as well as mechanical arts and agriculture.
The dimension of productive service was added to the mission
of public as well as private universities and their
faculties. A dramatic change in the mission of American
universities occurred during World War II as a result of the
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federal government turning to academia to create a
partnership needed to pursue the war effort. Following that
wac, the establishment of the Naticnal Science Foundation
and the expansion of support for research and graduate
education by federal mission agencies set the stage for the
shifting of the allegiance of faculty toward discipline and
department instead of school and institution. Emphasis was
increasingly placed upon pure research unenacumbered by
social determination or utility. At the same time, however,
the question of access to higher education was being
redefined and institutions were being moved from an
"elitist" to a "universal access" system of higher
education. The <¢ivil rights movement and consequent
legislation added the elements of affirmative action and a
commitment to divexsity to the interpretation of the mission
of universities and the work of faculty.

THE RESEARCH UNIVERSITY AND SOCIETY

The naticnal environment constitutes a sphere of influence
on the affairs of universities that is profound. Just as
the federal government turned to the universities during
World War II to <create teams to ensure survival of the
nation, so are we (particularly schools of engineering)
being mobilized once again, though with less clear an
objective, to assist in waging the economic war of global
competitiveness and economic survival. Federal agencies
have exerted substantial influence over both the content as
well as the style of research and service activities in
which universities are invited to participate. The use of
the word "“invited" 1is a euphemism, for it is demonstrably
impossible for a research wuniversity, whether public or
private, to survive today without federal support. As noted
in the historical overview, this state of affairs evolved
after World war 1II, when the NSF was created and federal
mission agencies became involved in the support of graduate
education in the United States in a big way. Lest I might
be misunderstood, I do not deplore this situation: indeed,
it has produced the Dbest university system in the world,
witness its popularity among foreign graduate students, even
if relatively unappreciated by our own domestic science and
engineering students. What I wish to observe is that there
has been an unmistakable, and probably irreversible
intervention of the federal government into the affairs of
our universities. There is no ivory tower, if there ever was
one.

A major impact that affects 2all faculty has been the
pressure to become a productive scholar in the sense of
discoverer and reporter of new knowledge. Sources of this
pressure arc funding agencies, publishers of journals,
universities themselves and faculty qua faculty. A wvicious
circle has been created. Funding agencies are dependent.
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upon their ability to define and secure resources te launch
"new program initiatives.'" Faculty respondents to such
procrams build their cases before their peers, who make
value Jjudgments largely based upon evidence of intellectusal
capacity reflected in published papers. Publishers of
journals, motivated by economics and prestige, are
constantly seeking editors for new journals, which in turn
require new manuscripts. Furthermore, research
universities, and in increasing numbers, institutions that
aspire to become research universities, frequently expect or
require their faculty members to offset academic year salary
in part from extramural sources, i.e., substitute research
for teaching.

Nor does this impact only the conduct of research. A direct
concomitant has been the shift in faculty loyalty and
allegiance toward geographically dispersed, discipline-
defined peers and away from college or school and home
institution. This phenomenon was Qquantified in the 1989
Carneqgie Foundation Survey in which it was found that 75% of
the faculty at research institutions rated the sense of
community at their institutions as fair or poor. 1In a real
sense, disciplinary power has diminished commitment to an -
institution as researchers look horizontally for
recognition, impact and stimulation. In turn, universities
have contributed to the process by emphasizing peer
evaluation and departmental rankings. National rankings
based upon media surveys have added to the problem.

How do the faculties of American research universities feel
about the milieu 1in which they carry out their work? Not
very good, according to the 1989 Faculty Survey conducted
by Ernest Boyer for the Carnegie Foundation for the
Advancement of Teaching. In this survey 69% of faculty
respondents at research universities agreed with the
statement, "At my institution we need better ways, besides
publications, to evaluate the scholarly performance of
faculty." Furthermore, the survey calls attention to
disturbing age-related concerns: 53% of those under 40 years
of age reported that "...my job is the source of
considerable pcrsonal strain...," 53% agreed that they
hardly ever have time tc give a piece of work the attention
it deserves, and finally, 43% of those under 40 agreed that,
“The pressure to publish reduces the quality of teaching atc
my university."

These concerns are substantiated and emphasized 1in the
recently published NSF report, "America's Academic Future,"
a report of the Presidential Young Investigator Colloguium
on U.S. Engineering, Mathematics, and Science Education for
the Year 2010 and Beyond.

DIVERSITY IN COLLEGES AND UNIVERSITIES
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In three years the states of California and Texas will have
public high school graduating classes in which so-called
minority groups of students will Dbe in the majorivy. An
increasing number of states will join this group by the turn
of the century.

Placing this exhortation next to National Research Council
1990 data on engineering doctoral degrees conferred shows
the urgency that one must attach to the "people-side" of
diversity:

Of the 4,892 degrees conferred in 1990, the following
characteristics appear:

91.5% awarded to males

39.4% awarded to U.S. citizens

1.5% awarded to African Americans
2.1% awarded to Hispanic Americans

A recent AAAS report, “Investing in Human pPotential"
examined programs designed to assist minorities, women and
people with disabilities to enter and complete science and
engineering programs in 276 institutions. Their
conclusions, taken together with the data above and the
demographics of our nation, place a clear imperative on all
engineering educators. We can no longer afford to view the
student pipeline problem as a marginal activity; we cannot
afford to think that achieving diversity in our institutions
and our profession can be accomplished by a process of
assimilation into an existing, stable institutional
configuration, What we badly need, in my view, is the will
to examine, design and implement necessary structural
changes in engineering education.

Fortunately, there is really no lack of models for reshaping
the way education can be approached. Programs such as MESA
in California, along with similar programs in other states,
are examples of how university faculty and staff can work
with teachers and students in K-14 to sustain the pipeline
of students motivated and qualified to enter careers in
science and engineering. The problem for these programs
(not with such programs) is that they are marginal--both in
funding and in occurrence. Such proqrams are needed for
more schools and for all (no% 3just minority}) students.

Common characteristies include motivation, group activities
as opposed to “rugged individualism” in learning situations,
setting high standards and g s, and parental and community
involvement, among others.

At the university level a great deal can be learned from the
experience of students at historically black institutions.
An excellent example can bpe found in a recent paper,
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"Preparing Minorities fox Science Careers," by Carmichael

and Sevenair, in Issues in Science and Technology (Spring
1991) . This paper demonstrates the success of Xavier
University in placing its graduates into mainline health-
professional schools during the past decade. While

provision of a nurturing environment that emphasizes success
instead of jumping through increasingly difficult hoops is a
cornerstone of the program, some of their experience
translates directly to science and engineering curriculum
designers.

As noted in the AAAS study cited above, there is a lack of
understanding of diversity as an issue central to the
academic core of our institutions. A second dimension of

- diversity has to do not with people but with institutions
and their missions. Here again there 1is need for careful
examination of structure and purpose, avoiding

marginalization. The 328 institutions offering engineering
programs in this country should be encouraged to explore new
directions and find new roles in the engineering educational
system.

"Mission diversity' is urgently needed in our engineering
schools today. We need new role models to complement the
so-called "research university" model. The nearly 200
engineering doctoral institutions, with minor exception, are
all aspiring to become a top 20 research instituticn. In a
recent paper in Change entitled "The New Race to be Harvard
or Berkeley or Stanford," Clark Kerr noted the following: v

All 2,400 "specialized" institutions of higher education in
the United States aspire to higher things...These
aspirations grow not only out of internal desires but also
out of the expectations of members of their communities--
their alumni, their states, their related industries

and professions.

A consequence of this kind of race is discussed in a recent

paper of NAE President Bob White. Writing in The Bridge, he “x
called attention to the mismatch in resources available and °

institutions and investigators vying for these resources. In
his view, which I share, there is an over-emphasis on the
production of engineering researchers, who increasingly must
compete for wvery limited resources, at the expense of
engineers advancing the state of professional practice,

. especially manufacturing. Similar conclusions may be drawn
for other fields as well.

SOME RECOMMENDATIONS FOR CHANGE TO STRENGTHEN UNDERGRADUATE

EDUCATION IN SCIENCE AND ENGINEERING

It is the view of many faculty, and I strongly share that
view, that a central problem in the evaluation and reward of
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faculty pexformance is the overly narrow view taken in
assessing intellectual attainment and creativity. Ernest
Boyer, in Scholarship Reconsidered, urges that we move
beyond the "teaching vs. research" argument and examine the
quality of scholarship, assessed over four activity areas.
He suggests that the work of the professoriate be thought of
as comprised of four separate, yet overlapping functions.
These are:

scholarship of discovery

scholarship of integration -
scholarship of application

scholarship of teaching

The term “scholarship of discovery" is typically equated to
"research. " The search for new knowledge will
unquestionably remain at the core of the mission of a
research university. Yet, Boyer contends:
There is need for scholars to work at making connections
across the disciplines, placing specialties in larger
cont.ext, illuminating data in a revealing way, often
educating nonspecialists, too.

This, he calls "scholarship of integration."

“"Scholarship of application" is embodied in the work of
faculty members that flows directly from their professional

knowlcdge. It may be, but is not limited to, the innovative
practice of a vprofession; it may be the application of
knowledge to a consequential social problem. In every

instance, the same measures of accountability, as applied to
the scholarship of discovery, are reguired.

The "scholarship of teaching" moves well beyond the commonly
accepted notion of the teacher as a classroom performer, or
as a tutor of a single individual, for the mere transmission
of knowledge. Teaching incorporates these activities but is
concerned more broadly with the synthesis and extension of
knowledge, 1i.e., +the transformation of knowledge. It is
self-evident that much of what constitutes the scholarship
of teaching goes on outside the classroom or student-faculty
conference,

The faculty of all institutions of higher learning share, or

should share, the responsibility for the synthesis,
application and transmission of knowledge, i.e., the
scholarship o»f integration, application and teaching. The v
scholarship ol discovery is properly focused, though not
exclusively, in research universities. Efforts that
encouraqe the former categories of scholarship are most
likely to improve the gquality of undergraduate education, -
Ffforts that encourage the scholarship of discovery are less
likely (o do so, although there can be cuceptions. The

[
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reasons behind these assertions are clear and unassailable:
institutional economic survival and prestige, as well as
faculty prestige and honors, are directly related to the
scholarship of discovery and are virtually disconnected from
the other categories of faculty activity.

To further emphasize the point, I quote from a Stanford

faculty membe r at a panel discussion on integrating

teaching, research and community service {(as reported in the
- Stanford Magazine, Dec. 1931):

Faculty don’t talk to each other about their public
service, It doesn’t count. It smacks too much of applied
research-—that’s the kiss of death."

The value system currently in place in research universities
is a product of both internal and external influences and
pressures. The response of faculty, in my view, is both
prudent and necessary for survival. Faculty are not the
problem. Indeed, national surveys have made it clear that
the majority of faculty in our research universities are not
satisfied with the current value system for judging faculty
performance--one that is strongly biased in favor of
scholarship of discovery, or "research."

Federal funding policies are strongly coupled to the value
system currently in place in our research universities. In
particular, the National Science Foundation has already
taken the lead in demonstrating how to change the culture in
our institutions. For example, the Engineering Research
Center Program placed emphasis on scholarship of integration
and application. The Undergraduate Engineering Coalition
Program emphasized both the diversity issue and the
scholarship of teaching. The Directorate for Education and
Human Resources is increasingly engaging university faculty
to utilize their expertise and resources to improve the
quality of wundergraduate education, and equally important,
K-12 mathematics and science education. In short, faculty
in research wuniversities are being encouraged to engage in
scholarly activities aimed at improving instruction in
mathematics, science and engineering.

What response can be expected from our universities?  If
federal agencies follow the lead of the NSF and broaden the
base of funding for universities to embrace the £full range

v of scholarly activity, simple economics will dictate the
response., An important concomitant will Dbe increased
attention to teaching and the integration and application of
knowledge.

I am persuaded that there is both interest and comnitment

among university faculty to make needed adjustments in
allocation of effort among teaching, research and «c«rvice.
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I Dbase this opinion on the data from Boyer’s survey, a

survey of 900 faculty at five University of California
campuses and the enthusiasm evident at a 1990 symposium on
"The Freshman Year in Science and Engineering," held by the
Alliance for Undergraduate Education under NSF sponsorship.
There is a strong desire for a cultural change that places
greater emphasis on coherence and integration of subject
matter in undergraduate education--outcomes that will flow
from the scholarship of integration and of teaching.

Before the question of "What will happen to the level of
effort in scholarship of discovery?" is raised, let me
respond. I hope and I expect that it will ease off, and I
cannot consider this to be anything but a good thing for
research wuniversities and our nation, not to mention
undergraduate students. There is no basis for continuing to
force all of our faculty into the mold of "discoverer" and
reporter of new knowledge--there is neither the need nor the
resources to make this possible at the rate at which it has
been accelerating during the past few decades. What is
needed is the encouragement of a full range of scholarly
activities supported by federal and state agencies, together
with appropriate evaluation and reward within our
institutions.

Restoration of balance among the activities of faculty, as
well as flexibility in permitting a range of career paths,
must be the hallmark of the faculty reward system. Achieving
balance at the level of the department, college or school--
rather than in individual faculty--should inform
institutional policy.

In closing I will draw on two statements crucial to
effecting change in undergraduate education. The first
appears in the NSF report cited above, while the second 1is
found in the "Report of the Task Force of the University of
California."

1. Federal, state, and other agencies that fund and
evaluate education must undergo as much of a change
in culture as that of academe.

2. Review of faculty teaching and evidence collected to
document teaching performance should be broadened.

Peer evaluation of teaching should be given the same
emphasis now given to peer evaluation of research,
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Mr. TaornTON. Thank you very much, Dr. Pister, for an excel-
lent summary of a very fine paper. I enjoyed reading that.

Our next witness, Dr. Carlisle, is the Senior Vice President and
Provost of Virginia Poly Tech Institute and State University at
Blacksburg, Virginia.

You are certainly welcome here, as a neighbor and as a great ed-
ucator. I know that the regular chairman would want me to extend
his best wishes to you as well. -

Dr. Carlisle, we'll make your prepared testimony a part of the
record at this point, as though you had read it, verbatim, and ask
you, please, to hit the high points of it.

STATEMENT OF DR. E. FRED CARLISLE, SENIOR VICE PRESIDENT
AND PROVOST, VIRGINIA POLYTECHNIC INSTITUTE AND STATE
UNIVERSITY, BLACKSBURG, VIRGINIA

Dr. CaruisLe. Thank you very much, and good afternoon.

I speak here from the perspective of the large public research
and land grant university, and in that sense, I think I bring a
somewhat different perspective. Of course, I speak primarily out of
my own experience at such a land grant university.

Also, even though ENG are the first three letters of my academic
background, I am, in fact, an English professor. Whether that ex-
plains the slightly different angle I will take here, I don’t know. I
would like to sharpen the issues.

We are, I believe, in the late stages of a profound academic revo-
lution in this country. In 1968, that long ago, Christopher Jencks
and David Riesman identified that academic revolution and they
said, very simply, this.

“The American graduate school (or research university) has
become the envy of the world, a mecca for foreign students and a
model for foreign institutions. It has also become cne of the central
institutions of Amsrican culture. Both the best and the worst in
undergraduate education emanate from it.”

I repeat that. In a sense, that's my theme, both the best and the
worst emanate from this really rather grand achievement of the re-
search university in the United States.

In many respects, as I've suggested, very little, in my judgment,
has changed since 1968. Now, the fruits of this revolution are, in
some cases’ very sweet and grand, and in other cases, they are, I
believe, bitter.

Most of us recognize the benefits of the large research uaiversity,
and I don’t think I need to repeat those. They obviously preserve,
maintain, and create basic knowledge, and so on and so forth.

I think we are also beginning to understand the costs of this rev-
olution—the costs of the achievement of the research university. So
I say this, very simply. At its worst, the research model ]eads to a
suffocating, disciplinary tyranny. It reinforces nationalized profes-
sions and individualized faculties. It leads to greater and greater
attenuation of community and institutional bonds.

It weakens institutional purpose—that purpose which is usually
part of a university’s individual tradition and history, part of its
culture. It diminishes, at its worst, mind you, the importance of in-
struction.
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At its best, and I remind you of that, it is an extraordinary
achievement.

The solution, to what I see as a serious dilemma, if not crisis, is
simple—at least it’s simple to say, if indeed difficult to achieve. I
cast that, really, as a question—a question that demands an
answer.

How can we, at major research universities, assure that under-
graduates are taught well, learn effectively, and lead satisfying in-
tellectual and social lives, and how can we, at the same time, sus-
tain and enrich university research, strengthen graduate programs,
and fulfill our broad re-ponsibilities to the public?

I make these generalizations both knowing that they are true
and not true. There is a great deal of admirable, effective, devoted
undergraduate teaching and concomitant learning occcurring in re-
search universities.

But nevertheless, and even though I could cite you many depart-
ments on my own campus, I think my basic claim about the best
and the worst is correct.

The balance of my testimony really speaks to three different
topics—first of all, to undergraduate science education, then to the
enrichment of undergraduate education, broadly, and finally, to
means for changing the faculty reward system.

I will cite primarily specific examples from Virginia Tech, be-
cause I know those. They are concrete, and not because I’'m making
any special claims for Virginia Tech or trying to promote the uni-
versity.

y The problems of undergraduate science education are rather well
nown.

Mr. THORNTON. Dr. Carlisle, we will accept very brief commercial
endorsements of your own institution.

Dr. Caruiste. Then, I should tell you about the beautiful Alleghe-
ny Mountains, the wonderful new river, the fine—no I'm sorry. I
will go on with the more studied part of my testimony.

I would cite two kinds of examples regarding undergraduate sci-
ence education. Let me assume that we understand what so.ne of
the problems, limitations, and even defects of those are.

First of all, it seems to me, that there are a number of universi-
ty-wide kinds of things we must do. My written testimony actuall
quotes President Vest. He said, I believe—I hope I'm right, he's
here—to his faculty, “Let me begin with one simple statement. Pro-
fessors should profess. It is hard to think of anything more illogical
than to become a university professor if one does not want to teach.
So if you do not want to teach, you should immediately look for an-
other job.”

I hope I'm accurate.

Dr. Vesr. You are.

Dr. CarLisLE. Thank you.

And how do we do this? It seems to me that across the universi-
ty, we can {and have at Virginia Tech) revise our promotion and
tenure guidelines so that, in fact, we emphasize teaching. We re-
quire the demonstration of effective teaching much more broadly
than we have in the past.

Now, we can teach our graduate assistants how to not only be
better and effective undergraduate teachers, but we can also pre-

4.
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pare them—we can socialize them, in effect—for entering the pro-
fession of the future professoriate.

There are also a number of examples related to undergraduate
science education that I might cite that speak to programs, and I
will mention only one.

Our college of engineering is part of an NSF-funded coalition
called “SUCCEED.” The SUCCEED Program is trying to revise in
a fundamental way the way America’s engineers are educated.

It focuses on undergraduate programs, it focuses on bringing
design into courses earlier, it will work toward more and more
technology in computing in undergraduate engineering, and at the
same time, it also intends to bring more women and minorities into
undergraduate engineering programs.

The next specific set of things. We have what we are calling a
Virginia Tech plan for undergraduate education. It is a plan that
has a number of specific examples, all of which are outlined in my
written testimony. In a few seconds I will cite one or two.

The basic assumption here is that as a research university, we
have to enhance and revitalize our commitment to undergraduate
education in that context, in terms of that history. We cannot
return a state university such as ours to an era before all of these
chang(ias, all of these achievements of the research university oc-
curred.

So, among many other things we have, in fact, revised fundamen-
tally our liberal education requirement for all students. It benefits
science students. It benefits all undergraduates. It continues the
importance of students taking science and mathematics, and it also
provides an opportunity for engineering and other technological
disciplines to provide liberal education courses.

We have established with state funding a new center for excel-
lence in undergraduate teaching. We have allocated clearly addi-
tional positions to undergraduate education, and we have assigned
administrators with responsibility for the improvement of under-
graduate education. As I mentioned, we have revised the promotion
and tenure guidelines, and there are other examples as well.

We have also introduced what we are calling the Virginia Tech
plan for reforming the reward system, or what I call, and many of
my colleagues across the country call “promoting multi-dimension-
al excellence.”

My testimony outlines in far greater detail than you would like
me to summarize here a specific set of actions that engage the fac-
ulty, department heads, deans, and the university administration
in discussions about the reward system, about the expectations we
set for people, about how we will evaluate them.

It’s a two year project-necessary, I think, in order to affect the
underlying culture of the research university. It is not something
that is simply superficial.

I do believe that we are in a crisis. My colleagues, occasionally,
claim that I exaggerate the statement, but I do believe it’s a crisis.

I do believe we are at least in a real dilemma. How are we going
to achieve the new balance between teaching research and, I might
add, public service?

We have good models in universities. We have a number of con-
crete actions that have been taken, and so obviously, I'm optimistic
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in spite of the fact that I think we are in the late and decaying
stages of a revolution

Thank you.

[The prepared statement of Dr. Carlisle follows:]
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UNDERGRADUATE EDUCATION AND THE REWARDS SYSTEM
AT RESEARCH UNIVERSITIES

Congressman Boucher, Members of the Sub-Committee:

Good afternoon. My name is Fred Carlisle. | am Senior Vice President
and Provost at Virginia Polytechnic Institute and State University --also
known as Virginia Tech. With me are Dr, Gary Hooper, Vice Provost for
Research and Dean of the Graduate school and Carol Burch-Brown,
Associate Provost for Undergraduate Programs at Virginia Tech.

| appreciate this opportunity to speak to you about the vital issues of
concern to the Sub-Commuttee. These matters are critical to Higher
Education. They are the focus of significant change at Virginia Tech.

During my remarks, | will comment on the state of undergraduate sci-
ence education, but given my work with colleagues across the country
to reform the facully reward culture, | would like to speak, as well, about
the faculty reward system and the several issues you have associated
with it -- the way the system may be biased toward research, the way
the system functions in faculty promotion and tenure decisions, the
means we use 1o evaluate faculty achievements. and the ways we are
working to reform undergraduate education and establish more appro-
priate balances among teaching. research, and outreach.

There has been an academic revolution in this country. It began over
40 years ago. We are now experiencing its fruits. Some are sweet, and
some are bitter. We are also in the midst of a crisis brought on by that
revolution. As far back as 1968, Christopher Jencks and David
Riesman, in a book titled. The Academic Revolution. defined both the
marvels and the costs of the dramatic changes in Universities. “The
American Graduate School [or research university] has become the
envy of the world, a mecca for foreign students and a model for foreign
institutions., It has also become one of the central institutions of
American culture. Both the best and the worst in undergraduate edu-
cation emanate from it.” In certain respects, very little has changed.

Most recognize the benefits. The American graduate school, or re-
search university, is a great achievement, and we can be justifiably
proud of what has emerged. The research university preserves and
maintains basic knowledge and programs. It creates new concepts,
philosophies, arts, and technologies. It transfers new concepts and

1
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technologies to industry and government. The Research University at-
tracts supplemental funds in large amounts as well as other material
resources. It educates and trains graduate and professional students
and it certainly enriches the education of undergraduates. These ben-
efits stand, they are very real, and | would defend them over and over.

We are beginning, as well, to understand more clearly the costs of the
achievement. For too long, graduate schools have focused too much
on research and scholarship and the professional aspirations of faculty.
For too long. research universities have devalued undergraduate
teaching. Research has become the premier activity in Universities. It
has been the path to greatest advancement and prestige.

At its worst, this model leads to a suffocating, disciplinary tyranny. [t
reinforces nationalized professions and individualized faculties. It leads
to greater and greater attenuation of community and institutional bonds.
It weakens institutional purpose -- that purpose which is part of the
university’'s tradition and history, part of its culture. It diminishes, in
short, the importance of instruction.

At its best, the American research university is an extraordinary
achievement. These institutions dominate international research in
science and engineering and educate by far the largest numbers of
science and engineering doctoral students in the world. Currently, Re-
search | and il institutions (Carnegie Categories) represent only 5% and
2% (respectively) of all institutions offering science and engineering
undergraduate degrees. Yet they award two thirds of all national sci-
ence doctorates, three quarters of engineering doctorates, and over
50% of all social science and psychology doctorates. These same uni-
versities are the source of about two thirds of those students who go
on.to receive all doctorates.

It is important to acknowledge, as well, that American graduate and
research universities prepare significant numbers of advanced degree
holders in the humanities, social sciences, and the professions. More-
over, research universities like Virginia Tech -- large state land-grant
universities -- educate huge numbers of undergraduates -- 30%. for
example, of all science and education bachelor's degrees. And where
it's done right. those students learn in a stimulating environment where
the science and engineering programs -- and others as well -- are cur-
rent and active in discovery and the advancement of their fields.
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Nevertheless, there is a serious ditemma and crisis. Both the best and
the worst of undergraduate education flow from research and graduate
institutions.

The solution in certain respects is simple -- at least it is simple to de-
scribe, if difficult to achieve. The research universities must make cer-
tain that we fulfill ali of our primary responsibilities in teaching,
research, public service, and outreach as well as we have been ac-
complishing our research missons. Cast as a question: How can we
assure that undergraduates are taught well, learn effectively, and lead
satisfying intellectual and social lives, and now can we, at the same
time, sustain and enrich university research. strengthen graduate pro-
grams, and fulfill our broad responsibilities to the public? A daunting
order -- but society asks it of us. Therefore, we simply must find the
answer.

| make these broad generalizations knowing well that what I'm saying
is true and not true. That is not a contradiction, simply a paradox.
Large universities are very different from one department to another.
There is a great deal of admirable, effective, devoted undergraduate
teaching and concomitant learning occurring in research universities.
Just last week, for example, | visited Virginia Tech’s Department of
Biochemistry. The Department enrolls 250 undergraduate majors and
30 graduate students. It's one of the largest biochemistry programs in
the country. The faculty integrates undergraduate instruction. graduate
study, and faculty research very well. The department provides a clas-

sic example of how greatly undergraduates can benefit from depart-
ments with strong research and graduate programs. Even so -- and |
could find many other examples across the Virginia Tech campus of fine
undergraduate teaching -- my basic claims, about the best and the
worst, e.g., are correct. Therein lies the problem and the challenge.

The balance of my testimony will speak more to answers or solutions
than to problems. After all. that is what we are all interested in -- what
is being done and should be done to improve the situation. | will cite
examples largely from my own institution, less to promote Virginia Tech
than to show you specific action for charge. | will speak to under-
graduate science education, to the Virginia Tech plan for all under-
graduates, and to the reward system.
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Undergraduate Science Education

Problems:

Even though receni data shows an increase in bachelor, masters and
doctoral degrees in the sciences and engineering in the past decade. the
issue of the quality of these degrees remains. | would like to cite briefly
a series of concerns.

1.

2.

Most undergraduate institutions offer fewer and fewer "hands-on”
laboratory experiences and depend increasingly upon large lectures.

It has been difficult for colleges and universities to maintain state
of the art instructional equipment, and it is hot unusual for graduates
entering the work force to find the equipment they are expected to
use as professionals much more sophisticated than that they used
as undergraduates. Were it not for Virginia's extraordinarily helpful
Equipment Trust Fund, Virginia universities would be hopelessly
behind. Next year, there will be $40M available - $8M for Virginia
Tech alone. The fund is intended to provide equipment for instruc-
tion.

A more important matter is how we are teaching. in the face of an
information explosion, we persist in a curriculum emphasizing
mastery of discipline detail. We seem more interested in the ability
of students to give us the “correct” answers than in teaching them
how to think and how to formulate questions of their own. At a time
where science problems are complex, we still concentrate on the
part, and not the whole, and have little regard for teaching that
causes students to learn together. We also have not utilized, nearly
as much as we should, a variety of teaching technologies now
available, At best, we have integrated them very slowly into our
physical and natural science curriculum. A Virginia Tech report,
“The Impact of Digiial Techriology on the Classroom Environment,”
established the University as a national leader in thinking about the
issue. Yet. we have a great deal to learn from our own study.
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And finally the basic problem of the culture and the reward system.
Since research oftentimes results in greater rewards than teaching,
many faculty over the years have placed their priorities and efforts
on research. Too often, as a result, important classes have been
increasingly taught by junior faculty and graduate assistants, partic-
ularly the critical introductory classes in science.

The problem with undergraduate science education results from a
combination of circumstances: 1) poor early preparation and motivation
in our pre-college education, 2) inadequate teaching facilities and
equipment, 3) out of date teaching techniques, and 4) an imbalance
amongst research and scholarship, teaching, and public service priori-
ties.

Solutions.

Colleges and universities cannot redress all of the problems -- espe-
cially those in pre-college education. They can, however, establish
closer ties with community colleges and K-12 schools. These relation-
ships can range from added training and support of existing teachers
and courses to shared curricula. In some cases, early identification of
students inclined to science can lead to advanced placement programs,
summer research experiences. and other direct associations.

More importantly, colleges and universities can equip the next gener-
ation of elementary and high school teachers with sound training and

a new approach to curriculum and pedagogy. Since most high school
science texts are written by college and university professors, university
faculty could write a new chapter in science education by revising these
texts and workbooks.

As important as these activities are, we have more direct control over
college and university science and engineering education. We need to
re-affirm our responsibilities for teaching and for student learning.
Charles M. Vest, President of M.I.T., and one of the Panel members to-
day, recently admonished his faculty:

“. . . Let me begin with one simple statement. Professors should
profess. 1t is hard to think of anything more illogical than to be-
come a university professor if one does not want to teach. So if
you do not want to teach, you should immediately look for another
job.” (Colloquium Address, Nov. 5, 1990 - as cited in America’s
Academic Future - NSF 1992).
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Direct and succinct, President Vest's message is -- must be -- compat-
ible with the role of research universities.

Qur mission also includes public service and outreach. We have not
recognized this satisfactorily in our expectation and reward system.
Ernest L. Boyer, in his recent report, "Scheularship Reconsidered,” notes
that:

“At no time in our history has the need been greater for connecting
the work of the academy to the social and environmental challenges
beyond the campus. And yet, the rich diversity and potential of
American higher education cannot be fully realized if campus
missions are too narrowly defined or if the faculty reward system
is inappropriately restricted. It seems clear that while research is
crucial, we need to renewed commitment to service, too.

Thus, the most important obtigation now confronting the nation’s
colleges and universities is to break out of the tired old teaching
versus research debate and define, in more creative ways, what is
means to be a scholar. {t's time to recognize the full range ~f fac-
ulty talent and the great diversity of functions higher education must
perform . . .~

At this point, it may be helpful to cite a number of concrete examples,
to show possible solutions.

1.

Virginia Tech, has recently revised the criteria for Promotion and
Tenure. We (and | expect other viniversities, as well) can rather
skillfully represent and evaluate research and scholarship. We have
been doing it for years, and everyone, so to speak, knows that re-
search is what counts and that you can’t evaluate teaching, anyway.
The new guidelines require faculty and department heads to evalu-
ate teaching effectiveness iin a number of ways and ask them to
place that section first in Promotion and Tenure dossiers. Except in
Cooperative Extension assignments, we have done an abysmal job
of defining, evaluating, and rewarding public service and outreach.
Our new guidelines not only allow faculty achievement to count, they
also require more thorough documentation and demonstration of
effectiveness.

The University assigns many exceptional graduate students to in-
struction. To assure their competence, wz have developed an ori-
entation and education program in teaching method and philosophy.

6
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It also speaks to research and the profession. The program not only
helps prepare informed and effective graduate assistants; it also
begins the education of the future professoriate.

The University has just completed a substantia’ revision of the Uni-
versity’s liberal education requirement. Science and math occupy
a critical portion of that curriculum, and technology - if the faculty
so wishes - may play an important part in the core curriculum, as
well. All students will continue to take courses in science and
mathematics.

The Head of the Chemistry Department recently wrote:

“While one mission of a chemistry department is to prepare stu-
dents for careers in chemistry, this is certainly not the only one.
In terms of sheer numbers more non-chemistry majors will take
chemistry courses than majors. These non-major students have a
variety of backgrounds and reasons for taking chemistry. Much has
been written lately about the need to expose science and engi-
neering students to arts and humanities. The other side of the coin,
though, is perhaps equally important: in these days of great tech-
nological changes. everyone must be sufficiently versed in the sci-
ences to be able to grasp important science-based issues and make
informed judgments.”

Colleges and universities must re-examine their teaching philoso-
phies and specific major programs in science and engineering. The
Virginia Tech college of Engineering has become part of the NSF-
sponsored educational coalition, "SUCCEED.” which is trying to re-
shape the way America’s engineers are educated. This group of
eight southeastern engineering colleges plans to develop and im-
plement curriculum changes with a focus on integrating engineering
design into all subject areas and on breaking down the academic
barriers which too often separate engineering studies from science,
math, and the humanities.

"SUCCEED"” also intends to increase the enrcliment and retention
of minorities and women in engineering and to fully utilize the po-
tential of the Virginia Community College System as a source of
engineering students. A program called “Partnership in Engineering
Education” will unite the college with its community college
counterparts around the state and throughout the southeast.

n
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Consistent with the necessity of integrating new pedagogical tech-
nology into programs, "SUCCEED” has established a "Center for
Technology and Communication” at Virginia Tech which will assist
the entire coalition in developing multimedia labs for instruction. It
will examine, as well, ways to better use satellite and other distance
learning technologies.

The Physics Department is pioneering the use of mathematics and
physics software and computer simulation capabilities to enhance
classroom and laboratory experiences. Working with the private
sector, the Department has become a test site for CUPLE, a com-
puter simulation and multimedia program.

Finally, | would like to address the appropriate training and orien-
tation of the next generation of teachers, educators and professors,
As these individuals assume positions in school districts as ele-
mentary, middlie and high school teachers and as college faculty,
real change can and must occur.

| cite simply one further exampie of science education from Virginia
Tech as a type of what can be done. The Department of Geological
Sciences is engaged in a cooperative venture with the College of
Education and the Virginia Association of Science Supervisors and
the Virginia Association of Science Teachers -- VASS and VAST.
They are seeking to train both existing and future middie and high
school teachers in current Earth Science topics. The Department
Head states:

“Both ' 4SS and VAST have stressed that they feel the state needs
more properly trained earth science teachers and programs {o help
those wno are presently handling such courses. This is especially
important as we face increasing concerns about such items as re-
source availability. environmental degradation, clean water avail-
ability, coastal erosion, acid rain, power generation, and waste
disposal and ground water poliution. We have recognized that our
department has heretofore rot addressed the potential for meeting
the needs of students who show desire to teach earth science in the
high schools and middle schools. Accordingly, we have had faculty
discussions for the past several weeks, and our Curriculum Com-
mittee prepared a proposal for an "Earth Science Education Pro-
gram.”

wn
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3.
The Virginia Tech Plan for Undergraduate Education.

Since our society depends to such a great extent on the continual de-
velopment of new technologies and new knowledge. universities -- and
in particular research universities -- are at the heart of some of the mast
essential processes of change in American culture. The fundamental
identity and character of public research universities has been largely
shaped by the larger currents within American life -- rather than in
isolation from them. The development of the research university is,
therefore, as much a product of changing societal priorities as is the
current cail for a “restoration” of balance between research and teach-
ing. The current challenge cannot, however, be answered by returning
to the past and recreating the undergraduate environment prior to the
growth and transformation of state universities. The social, demo-
graphic, economic, and cultural realities which shaped American edu-
cation in the past have all changed. Something new is needed. Along
with others, we are trying tc answer a series of questions in order to
achieve the "something new.”

® What does the environment of the research university mean for
programs of undergraduate education, particularly for the focus and
quality of undergraduate teaching?

®* Is the research university context compatible with the needs of a
culturally diverse population of 18-21 year-olds for a basic under-
graduate education?

®* Wi.at is an adequate basic education as we enter the 21st Century?

® How can we maintain an effective balance between instruction and
research and reward faculty for their contributions to both these
missions in the midst of economic instability and often of permanent
reduction in resources? '

At Virginia Tech, we have undertaken a number of measures to
strengthen undergraduate education. We are forging a dynamic ap-
proach to undergraduate education which builds both on the character
of the school as a research institution and on the traditional charge to
land grant institutions to be the “universities of the people.” As a public
institution, we serve a student population which is talented -- but not
usually wealthy -~ and bright -- but with wide variations in educational
and cultural backgrounds and in its preparation for college level-work.
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Some Virginia Tech students are naturally motivated and prepared to
take advantage of this opportunity. Many are not. The great challenge
presently facing public research institutions is not primarily to ask fac-
ulty to teach more undergraduate classes (although that is often the
public perception); it is, instead, to galvanize faculty intelligence toward
creating and sustaining learning environments which support and mo-
tivate a high level of student effort throughout the institution. Doing this
requires faculty at all levels and ranks to werk collectively, rather than
primarily as individual researchers, scholars, advisors, or even instruc-
tors.

Like most research universities, Virginia Tech has many fine teachers,
most of whom have received the best graduate training available in their
disciplines. 1 want it no other way. But the prevailing culture in re-
search universities encourages faculty members to give their primary
intellectual allegiances to their national research organizations and
networks rather than to the immediate university. To the extent that
satisfactory learning communities are created in this context, they are
often established at the graduate level -- rather than the undergraduate
-- where students share a high level of motivation and commitment to
learning which is, not surprisingly, similar to that of the faculty.

In the reform of undergraduate education at Virginia Tech, we are trying
to learn from the success of our graduate programs and from our
knowledge of the deep level of engagement faculty have with their dis-
ciplines What becomes immediately clear is 1) that faculty willingly
commit themselves to work on issues which they perceive as having
genuine and significant intellectual content and 2) that students and
faculty develop effective learning communities only around issues of
common concern. We are relying on these two rather obvious but es-
sential insights to inform a variety of initiatives in the undergraduate
program.

1. Reform of the structure, curriculum, and pedagogy of the University
Core Curriculum -- the liberal education requiremeni. The new Core
defines an exemplary program of liberal education which is designed
to serve students and faculty into the next century. Literally hun-
dreds of faculty members participated in discussions about the Core
arnd made recommendations for change. The new program defines
the intellectual purposes of the core curriculum in the unique context
of our university and redefines each area of study in those terms.
It has been formally adopted by the university The community has
now entered a period of significant undergraduate curricular and
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pedagogical reform. The process has engendered a new sense of
vitality and interest in the undergraduate program among senior as
well as junior faculty. We are, in a real sense, engaged in changing
the institutional culture with respect to connections between re-
search and undergraduate teaching at Virginia Tech.

Beyond revitalizing courses in traditional areas of liberal arts and
sciences, the new program creates a means through which the fac-
ulties in Engineering and the professional colleges may patticipate
in the liberal education curriculum. The new core establishes a vi-
sion for liberal education and a means of achieving that vision which
is appropriate for our identity as a research and land-grant institu-
tion.

Establishment of a Center for Excellence in Undergraduate Teaching.
Maintaining the vitality of the curriculum is only one part of
strengthening the undergraduate program. Sustaining an environ-
ment which supports and rewards effective teaching is equally im-
portant. The Center for Excellence in Undergraduate Teaching wil!
provide a university-wide base for a wide range of faculty develop-
ment and classroom research projects, and its programs will be led
by faculty. Some Fellows of the Center will help prepare new faculty
for undergraduate teaching and provide consultation for departments
involved with improving teaching effectiveness. Others will guide
curriculum development related to new areas in the University Core
Curriculum and the University's new Writing Program. The Center
will also serve as a "think tank” on a variety of different issues. The
Center faculty, e.g., might assist the university and administration
think about the most effective ways of rebalancing the reward sys-
tem.

Allocation of additional positions for undergraduate instruction and
the core curriculum. During the recent budgef crisis in Virginia. the
University has given the undergraduate program and the core cur-
riculum a very high priority by allocating a number of new positions
to these areas. These are controversial, but crucial, decisions --
both to serve students well and to make necessary institutional
changes. The administration has made public commitments to the
undergraduate program. These have been accompanied by the ap-
pointment of individuals specifically charged with undergraduate re-
sponsibilities -- including and Associate Provost for Undergraduate
Programs, a new Honors Director, and staff members in key aca-
demic support units. These staff members are deeply and visibly
engaged with the undergraduate programs throughout the university.

11
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Establishment of innovative new programs to reward and recognize
departments and groups of faculty members. Most of our rewards for
excellence -- whether in teaching, research, or academic advising --
are based on individual achievement and merit. Yet the health of the
undergraduate program surely depends as much on the collective
commitment of faculty members in a given department as it does on
the exemplary work of key individuals. Decisions, for example,
about the use of resources. the distribution of teaching responsibil-
ities, released time for research and other projects ail have an im-
pact on the program’s undergraduate program. At Virginia Tech,
we are establishing several major annual awards which will go to
departments and academic units which maintain an exemplary
teaching and learning environment both for students and faculty.
Public honor and reward of collaborative and coliegial activity by
faculty and department heads is important to building the momentum
of the undergraduate program.

Revision of the promotion and tenure guidelines. Promotion and the
awarding of tenure is perhaps the strongest single message the
university sends about its priorities and sense of identity. Virginia
Tech, like other major research institutions, has very high expecta-
tions of faculty in the area of research and scholarship. We believe
this is appropriate to the mission and potential of the university.
We also are setting high expectations for achievement in teaching,
advising, and public service -- as | indicated earlier.

Changes in academic policy to iraprove retention. Some students
come to the university prepared to take advantage of the unique
opportunities it offers them. But many do not. Large public re-
search universities have both strengths and limitations in trying to
help students who are not performing up to their level of ability or
who are trying hard but are ill-prepared for university-level work.
On the one hand. we are large enocugh or offer many support ser-
vices and academic programs. On the other hand. it is too easy for
students who are in troubie to be overlooked. Virginia Tech has just
completed a major study of student retention. We are implementing
changes related to this study.

Strengthening of the University Honors Program. Over the last two
years the number of students participating in the University Honors
Program at Virginia Tech has more than doubled, and the program
has become one of the most important sources of new ideas for the
undergraduate programs as a whole, thanks to the energetic and
imaginative leadership of its director and participating faculty. The
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Honors Program has been directly linked to the core curriculum
through the development of special approaches to standard, non-
honors courses as wll as through special sections of core courses.
The innovations introduced through the Honors Program will influ-
ence the larger curriculum, so that many students are benefited.

8. Keeping undergraduate programs and issues before the faculty and
the university community. The central administration and the deans
have taken public and visible leadership roles in focusing the at-
tention of faculty and staff on undergraduate issues and in providing
support for faculty initiatives.

4,

The Virginia Tech Plan for Reforming the Reward System: Promoting
Mulit-Dimensional Excellence.

Virginia Tech is engaged in a broad reappraisal of the faculty reward
structure of the university: the processes, activities, and indexes
through which we encourage and evaluate faculty participation in the
various missions of the university. We are searching for more effective
and appropriate ways of rewarding multi-dimensional excellence in
faculty achievement and contribution. The need to promote good
teaching and service through the reward system of the university is
widely recognized both within and outside the academy. It is a topic
which has been raised in significant ways at Virginia Tech through
public statements from the President and Provost and through specific
actions, such as revising the promotion and tenure guidelines to de-
scribe more clearly the value we place on teaching. We have endowed
two professorships connected to teaching and have established an in-
novative new award related to these chairs, the Diggs Teaching Scholar
and Roundtable, which gives our faculty an opportunity for public di-
alogue between some of our exemplary teachers and well known com-
mentators on higher education in America.

We are joining with other universities in the Commonwealth and with
institutions across the country to promote multi-dimensional excellence.
Universities in the Big Ten, the Council on Academic Affairs of National
Association of State Universities and Land-Grant Colleges, and the
American Association for Higher Education are leading the movement.

Virginia Tech’s project will focus on people in three academic sectors
of the university most directly concerned with the faculty reward struc-
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ture: the faculty. central administration and deans/department heads.
Each will be called on at specified intervals to provide leadership; at
other points each will follow the lead of others. What is desired is a
collegial process in which all constituencies -- whether faculty or ad-
ministration -- have a stake.

In the arena of faculty rewards, Departments and colleges need to be
able to perceive themselves as changing with the institution, rather than
in isolation from it. Thus, the focus of this project is on cultural change
in the larger university environment.

1.

The Plan. Year 1, 1992/93

Spring, 1992

The President and Provost announce several related initiatives: a
Funds for Excellence ' project to examine the faculty reward system,
the establishment of the new Center for Excellence in Undergraduate
Teaching, and the initiation of new major awards of $12,000 each for
departments which create and sustain exemplary learning and
teaching environments for both students and faculty.

Spring, 1992

General guidelines for the new award will be drawn up. The focus
of the award will be on the quality of the teaching and learning en-
vironment which is fostered by the department as a whole.

Summer, 1992

A Faculty Seminar will be convened for an intensive two week pe-
riod during the summer tc study and consider the faculty reward
system here. The group will be charged to write a position paper
by the end of the seminar on the reward system. The seminar will
be limited to 10-12 influential and respected faculty members, care-
fully selected to encompass the range of commitments and varied
points of view about faculty rewards which predominate at Virginia
Tech.

Fall, 1992, before classes begin.

The annual fall Deans’ Retreat will focus on the faculty reward sys-
tem. A substantial part of the discussion will be guided by members
of the Faculty Seminar, using the position paper which they wrote
earlier in the summer along with other readings and materials. The

' The University has made a proposal, a decision has yel lo be made
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deans will write short individual responses to the position paper,
which will be shared during the retreat. The Faculty Seminar paper
and the deans’ responses will subsequently be used by the depart-
ment heads in each college as a framevork for examining how the
reward system functions in the context of their own departments.

Fall, 1992

Current baseline information about how faculty perceive the reward
system will be collected through a faculty survey, utilizing questions
developed by the Faculty Seminar during the course of its study in
the summer.

Based on results of the survey. we can determine at least in a gen-
eral way the degree of change we wish to create in the cultural en-
vironment with respect to faculty rewards. We will repeat the survey
at the end of the biennium. comparing the attitudes and perceptions
of faculty groups who have participated in projects designed to
modily the reward system in their departments to the larger faculty
population.

Fall, 1992

The President’'s Fall Administrators Conference will focus on the
evaluation of teaching, which is a key element of the promotion and
tenure process.

Fall term, 1992

The Dean’s Council and the Faculty Seminar will select a group of
18 department heads to respond to the developing corpus of opinion
and perspective which has emerged thus far frc™ the discussion and
survey of the faculty reward system. In effect, the department heads
will have the benefit of stated but exploratory points of view both
from the faculty and from the deans as they consider the issues at
the department level.

This group of department head: wili be charged to initiate two re-
lated projects during a three day retreat toward the end of the Fall
term or the beginning of the Spring term. They will use the faculty
seminar position paper, the dean’s responses, results of the faculty
survey, selected articles, and opinion solicited from colleagues prior
to the retreat as a background for these projects. These department
heads and their faculty will become leaders in their colleges in de-
veloping approaches to faculty rewards which are responsive to a
wider range of facully excellence in teaching. scholarship and ser-
vice.

b
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Spring, 1993

Options developed during the department heads retreat will be se-
lected for implementation on a trial basis by their faculties. with in-
put and planning assistance from the Deans. During the spring
term, department heads will work with the faculty to plan the
projects and determine how their impact will be evaluated. College-
levei discussion of the progress of these projects will occur on a
periodic basis at department heads’ meetings.

Spring term, 1993

The first $15,000 departmental award will be given for fostering an
exemplary teaching and learning environment for students and fac-
ulty. An article about the winning department wiil appear in Virginia
Tech Magazine. The department will be recognized at a reception
sponsored by the Provost’s office.

. Spring term, 1993

The first class of Fellows (for 1993/94) of the Center for Excellence
in Undergraduate Teaching are selected on the basis of proposals
submitted for a variety of curriculum and pedagogical enhancement
projects. These individuals will receive stipends or released time
and other direct (university-level) support for their projects.

Year 2

Summer, 1983
A two year evaluation is done of the effects of the revised P & T

guidelines on the promotion and tenure processes during 1991/92
and 1992/93.

Summer and Fall. 1993, continuing through Spring, 1994
Experimental projects in faculty rewards which were initiated during
the department heads’ retreat are implemented in at least one de-
partment in each of the smaller colleges and two departments in
each of the larger colleges. Departments participating in these
projects may hold one or two day-long retreats with facuity to initiate
the projects.

Summer and Fall terms, 1993
The 1993 Fellows of the Center for Excellence in Undergraduat:
Teaching will initiate their projects.
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4. Fall, 1993
The President's Fall Administrators Conference will focus on the
faculty reward system. reporting on the significant in-house work
which has been done to that point. The conference will include
outside speakers, as well.

5. Spring, 1994

A one-day, invitational, statewide symposium on the faculty reward
system will be held at a central location in April. Four-person
teams of key administrators and faculty members will be invited from
each of the research institutions in the state. The symposium will
focus on broadening the prevailing concept of scholarship and on
efforts being made around the state to reward multi-dimensionai
excellence, including reports on the projects at Virginia Tech.

6. A follow-up survey will be conducted of faculty attitudes toward the
reward system, with comparisons made to the baseline information
from Fall 1992. Comparison will also be made of faculty aftitudes
among those participating and not participating in current exper-
imental projects related te faculty research (many of these projects
will continue past the biennium). The survey will assist us in eval-
uating the faculty rewards project. We will look for indications of
whether faculty believe a shift has occurred, in the balance of the
reward system with respect to teaching, research and service.

7. Summer, 1924
The project will be evaluated by participants and a report will be
submitted to the Provost and President on the future of faculty re-
wards at Virginia Tech. This report will figure in subsequent uni-
versity, college, and department level planning.

8. Presentation of the project will be made at a national conference on
education, such as AAHE, AAC, or NASULGC.

Issues related to faculty rewards cut across a broad spectrum of the
university’s missions and culture. including, but not limited to under-
graduate education. We have begun several initiatives at Virginia Tech
which will place more emphasis on the role of faculty as members of
the larger university community, including changes in our governance
system as well as greater emphasis on undergraduate teaching and
significant reform of the University Core Curricuium. The faculty reward
culture must be modified throughout the entire university if various
forms of faculty development, shared governance, and greater emphasis
on teaching and service are to be successful.
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Mr. THorNTON. Thank you very much, Dr. Carlisle.

Dr. Ferguson, who is the President of Grinnell College, Grinnell,
Iowa, and representing not only that institution, but the Associated
Colleges of the Midwest, Great Lakes Colleges Association, and the
Central Pennsylvania Conscrtium.

It's a delight having you with us, Dr. Ferguson. Without objec-
tion, your prepared testimony will be made a part of the record,
and I'd like to hear your summary of that testimony.

STATEMENT OF DR. PAMELA A. FERGUSON, PRESIDENT GRIN-
NELL COLLEGE, GRINNELL, IOWA, REPRESENTING ASSOCIAT-
ED COLLEGES OF THE MIDWEST, GREAT LAKES COLLEGES AS-
SOCIATION, AND CENTRAL PENNSYLVANIA CONSORTIUM

Dr. Fercuson. Thank you very much.

I also speak today not only as the president of one of the Na-
tion’s select liberal arts colleges, but from the perspective of one
who is familiar with the educational environment at both research
universities and liberal arts colleges.

My career as a research mathematician began as an undergradu-
ate at Wellesley College. My doctorate is from the University of
Chicago. I taught at Northwestern University, and for the 21 years
before I became President of Grinnell College, I was on the faculty
at the University of Miami in Florida, where for the past four
%eér;lrs lthere, I was the Associate Provost and Dean of the Graduate

1001.

So I present these comments as one who has had a life long com-
mitment and passion for science, as well as someone who has had
teaching and administrative responsibility, at both a research insti-
tution and a liberal arts college.

The biggest difference from my experience at Grinnell and my
experience at a research university is that at Grinnell everyone, in-
cluding especially the faculty, as well as the administration and
students, believe in the scholar/teacher model.

One of our goals at Grinnell is that students take an active role
in their learning. We provide opportunities for hands-on, investiga-
tive lahoratory-rich study in the sciences and mathematics.

This directly influences decisions on facuity appointments, pro-
motions and development opportunities, curricula shape and devel-
opment, and development of the infrastructure of the sciences and
mathematics. These are all decisions that have an impact on the
institutional balance between teaching and research.

There is a firm belief at liberal arts colleges that teaching and
research are not in conflict, but rather are mutually supportive.

A number of practices which we employ at Grinnell from the
moment we interview prospective faculty and which reinforce and
strengthen this belief are detailed in my written testimony, and
could easily transfer to other larger institutions.

In the interest of time, I'll also simply note that my written testi-
mony contains additional recommendations which parallel those
made in previous years by representatives of liberal arts colleges in
hearings before this committee.

Briefly, these recommendations, which were also echoed in the
NSF report just referred to by Dr. Carlisle involve changing both
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funding criteria and institutional criteria by which proposals are
evaluated, which support undergraduate education. These changes
would encourage a nationwide effort to bring teaching and re-
search into better balance.

Finally, improving the quality of undergraduate science and edu-
cation is such a serious challenge that it requires all of us to work
together. There are over 1,500 non-doctoral educational institutions
in this country. Well over half of thz undergraduate degrees are
awarded by these comprehensive ana liberal arts institutions.

Many of our elementary and secondary teachers receive their un-
dergraduate teaching at these institutions. Additionally, a high
percentage of graduates of selective liberal arts colleges earn
Ph.Ds in sciences and mathematics.

Therefore, I congratulate and thank this committee for including
the perspective of four year institutions in today’s hearings.

Further, I recommend that a mechanism be established to pro-
vide an ongoing dialogue among all of us with a stake in under-
graduate science and mathematics to talk regularly together, in
settings like this, at disciplinary conferences, through computer
networks, and at specially planned meetings.

The separation between teaching and research occurs partially
because we are not all talking or listening to each other in the
same room.

We do need to generate a new vitality in our Nation’s scientific
and technological infrastructure, and we can only do this by recog-
nizing fully the role that undergraduate education plays in this
effort. There are, I would venture to say, thousands of faculty
members in sciences and mathematics in campuses in every part of
this country, with a devotion to teaching and research, and to pro-
ducing our next generations of scientists and citizens.

We need to idontify, support, and reward these faculties and the
institutions in which they work. We need to do this within each
and every one of our home institutions, and we need to do this at
the level of national policy.

I thank you for the opportunity to make these remarks.

[The prepared statement of Dr. Ferguson follows:]
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I am Pamela A. Ferguson, President of Grinnell College in Grinnell, lowa. [ am
very pleased to be invited to participate in this Hearing, and for the opportunity to
address the issues related to the quality of undergraduate science education, particularly
the crucial issue of achieving balance between the teaching and research responsibilities
of the professoriate.

I speak today as president of one of the nation’s premiere undergraduate
institutions in science and mathematics. I speak also for Grinnell’s peer institutions in
the groups represented by The Independent Colleges Office in Washington, including
member institutions of the Associated Colleges of the Midwest (to which Grinnell
beiongs), the Great Lakes Colleges Association, The Central Pennsylvania Consortium,
Allegheny College (PA), Reed College (OR), and Rollins College (FL).!

The invitation I received from Chairman Boucher reflects this Subcommittee’s

awareness that those of us involved in undergraduate science and math=matics education

are partners in a commoen and critical enterprise. As Martin Luther King, Jr., once said.

we are "tied in a single carment of destiny." We tend 1o forget this as we all, at our
schools, colleges, universities, and research centers, work busily on our own activities.
Instead of a seamless garment, we often look like a patchwork.

I don’t think we are a patchwork, but we have a new century coming along. This
is a critical time to look at our common enterprise, examine what kind of garment we
have on, and learn how well it is fitting our aims and objectives--for our students on our

individual campuses, as well as for the nation as a whole.

TACM Belon Collcge. Carfeton College. Coe College. The Colorado Cellege. Comell College. Gninnell Cellege, Knox Cullege, Lake
Forest College, Lawrence Unwvenity, Macalesier College. Monmouth College. Ripon College. St Otaf College. The College of the
Unnemity of Chicago, Gt CA Albion College. Antioch College, Denison University. DePauw Univeruity, Eariham College. Hope College.
Kalamazoo College, Kenyon Colicge. Oberlin College. Olio Wasleyan Unnersity. Wabash Coliege, The College of Woosler: CPC
Dickinson College, Frankha & Marshal! College, and Gelinburg College
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President Pamela Ferguson, Grinneli College
March 31, 1992

From the White Hecuse 10 the school house, we hear that education in America is
not the best--particularly education in science and mathematics--and that we ought 10 be
doing it better. At the undergraduate ievel, [ don’t think we CAN do a lot better unless
we work together. Unless everyone with a stake in undergraduate science and
mathematics education makes tough decisions now about strategic priorities--about
dollars, people, space, and reward systems--effective reform will not happen. Unless all
partners work together. this nation's educational shortcomings will not be addressed
adequately.

You asked me to speak to the issue of balance between teaching and research

responsibilitics of the professoriate from the perspective of one who is familiar with the

educational ¢nvironment at both research universities and liberal arts colleges. 1am a

research mathematician, one of a generation of academic scientis's who benefitted from a
concerted and comprehensive national cffort to attract undergraduate students to science
and mathematics. My life-long engagement with science and mathematics began as an
undergraduate at Wellesley College, where | received my baccalaureate degree. My
doctorate is from the University of Chicago; my area of research is finite group theory, a
branch of theoretical mathematics. Nothing will replace the personal thrill I feel each
time 1 prove a new theorem. 1t is that thrill of discovery that keeps all scientists and
mathematicians werking in research. I experience an equal thrill when 1 teach. working
with students. recognizing the balance it brings to my professional life and how it

enhances my research.
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Unitil coming to Grinnell College last fall, for 21 years [ was on the faculty of the
University of Miami, and for 4 years held the appointment as Associate Provost and
Dean of the Graduate School on that campus. I present these comments as one who has
had a life-long commimment to and involvement with science and mathematics education.

From my years of experience, | undersiand clearly the opportunity and
responsibility we now have to build a more effective partnership for reform of
undergraduate science and mathematics, one built on the awareness that ours is indeed a
comnion enterprise. To the extent we neglect undergraduate education, we hamper this
country’s ahility to produce research scientists, 1o produce elementary and secondary
school teachers for the next generation of those who would be scientists and

mathematicians, and to produce those who as citizen/leaders will be called upon in the

coming century to make critical decisions about matters scientific and technological in the

private, corporate--and even in the political--arenas.

There is a public perception that the undergraduate pipeline is only imponant for
the production of graduate students who. in time, become the nation’s scientific
researchers. But the public--and sometimes those who determine policies and programs
that support undergraduate education--tends to forget that the pipeline also produces the
non-scientists who carry with them into their work and world their collegiate notions of
what science is, does, and means. In short. it is undergraduate education that largely

determines the scientific literacy of America.
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This is the context, 1 believe, for our discussions today, as we address the specific
issue of the "balance of research and teaching in undergraduate communities across the
country." Unless we keep focused on all students, and on the larger role of the
undergraduate sector, our reform efforts will be a patchwork. We will not have a
seamless garment.

This is a timely Hearing. 1 have foliowed the deliberations of the National

Governors' Conference, and those of the Federal Coordinating Council for Science,

Engineering, and Technology (FCCSET). There has been, over the past several years, an

extended and legitimate concern about the pre-collegiate sector. As urgent as those
deliberations have been, I think it is time to give equal attention to the indispensable role
of the undergraduate sector in serving students and the nation in the areas of science and
mathematics. As the 1991 FCCSET report states:

...many cxperts believe that undergraduate science, mathematics and engineering

education has suffered from a lack of attention, which has left it stagnant, ®

diminished its quality, and led to a duil and uninspiring student experience.

There are many encouraging indications that concern is turning again to the
undergraduate sector. This Hearing is one eviderce of that. (It is a sorry state, however,
that wz have to be jn a national crisis--as we are today, as we were in the Sputnik era--
before people begin to take seriously the value and utility of a strong undergraduate
seéctor.) We have yet to see, however, these nascent expressions of concern accompanied

by adequate levels of financial support.
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Two things are needed. First, we need an adjustment in thinking as to the place

of the undergraduate sector in science and mathematics education. Second, we need a

plan, a well-conceived, long-range plan, that sets our goals and objectives with respect
not only to undergraduate education but to all levels of science education and research.
That planning has to be done by those of us who are educators, in collaboration with
those who help guide and support this common enterprise,

These are some of the challenges that influenced my decision to accept the
presidency of a college like Grinnell. Why did I do this--moving to the middle of Iowa
from the cosmopolitan community of Miami? To answer that question gets to the heart
of the issue we are exploring today. As I was considering the invitation from Grinnell, I
began asking about what works on that campus. asking questions such as: “What are
Grinnell's goals for students?" "How do faculty and administrators seek to achieve those
goals?" "What is the relationship between those goals and the larger society Grinnell
seeks to serve?" For the purpose of this Hearing, let me give you one answer to those
questions, an answer that relates specifically to learning in the sciences and mathematics
and to the integration of teaching and research in the undergraduate context.

One of Grinnell's goals for students is that they take an active role in their
learning. Over the years, an impressive variety of opportunities for "hands-on" learning
have been developed for Grinnell students at all stages of their academic careers. {This
is the learning environment that has been identified by the rork of Project Kaleidoscope

as being most successful in attracting students to science.) In particular, this goal of

7
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providing students opportunities for hands-on, investigative, laboratory-rich study in the
sciences and mathematics directly influences decisions about 1) faculty appointments,
promotions, and development opportunities; 2) curricular shape and direction; and 3)
development of the infrastructure for science and mathematics. These are all decisions
that have an impact on the institutional balance between teaching and research.

What attracted me to Grinnell was the possibility of working at a place where

teaching and research come together in practice as well as in theory, where all professors

are actively engaged in classroom and laboratory teaching. Grinnell’s greatest draw for
me was the educational environment wherein students work in small classes, and work
onc-on-one with faculty, with abundant opportunities for hands-on research. I was
attracted by the personal knowledge that it was this kind of undergraduate experience
that attracted me to science and prepared me to be a research mathematician.

For many generations, Grinnell students have benefitted from the opportunity to
learn from such as those professors who are at working in classroom and laboratory
today. Allow me to mention two outstanding Grinnell graduates who took what they
learned at Grinnell, and subsequently, through their work, had an impact on the world in
which we live. Robert Noyce went on (after studying at Grinnell and MIT) to receive the
patent for the first integrated circuit, and thereby generated the modern revolution in
elecrronics. Tom Cech (who also experienced the Grinnell-MIT connection) was a co-

winner of the 1989 Nobel Prize in Chemistry for RNA research.
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To be honest, after so many years in a major research university, | was also
attracted to a place that, because of its traditions, size, and lack of bureaucracy, has been
a fruitful testing ground for new approaches to teaching and learning, a piace where
senior faculty take full responsibility for what happens in classroom and laboratory (even
for beginning students), a place where presidents and deans recognize, support, reward
and even require the integrated role of faculty as teacner/scholar--where research is seen
as an educational activity. Grinnell is a place, where, as Bartlett Giamatti said in a
speech at Yale University:

teaching and research not only go hand in hand but are often the same hand: the

pedagogical act an investigation. the investigatory act shared with students and

associates who are also colleagues, the whole a sp’endid, ongoing instance of
intellectual and human collaboration.

For example, last semester--my fir- as president--1 taught a calculus course with
my Grinnell colleagues that used computers to model the powerful ideas of calculus, and
made learning calculus a hands-on course, incorporating problems relevant to students of
today. This new course, a joint effort of a group of liberal arts institutions and funded by
the NSF, is a direct outgrowth of current advances in research in calculus and in
technology. But it took a creative group of faculty determined to make the connection
(for themselves and for their students) between teaching and advances in basic research,
and to undertake the set of activities to transplant those research advances into on-going
calculus courses. 1 can tell you from my recent experience that introductory calculus

courses at Grinnell are not dull and stagnant. 1 can also tell you about the absolute

necessity for an academic culture that allows such creativity to grow.
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Now, we all know that liberal arts colleges like Grinnell have no monopoly on
programs that work in undergraduate science and mathematics. Institutions of all kinds,
including those represented by my colleagues on these panels today, have achieved
successes in baccalaureate science education. Personally, however, I do not think that a
new set of calculus courses like those we are working on at Grinnell could happen at
many research universities today. The reward systems at most universities do not often
recognize people working at the intersection of teaching and research. In part, the
problems with institutional reward systems reflect problems with external reward systems.
The external reward systems for scientists and mathematicians still clearly favor those
who focus on research. We all know well, as Chairman Boucher indicated in his letter of
invitation. that “..the quality of undergraduate science education has deteriorated,” and
that the current academic reward system is at the iieart of the problem.

Let me give you some examples of how we, at Grinnell and at the other
institutions for whom I speak today, build and sustain an institutional culture in which
teaching and research are integrated activities for faculty--at all stages in their careers.
Following these examples, I will make specific recommendations about how such a
culture can be built and sustained within the larger community of undergraduate
institutions.

1. _Interviewing for Commitment. In interviewing candidates for faculty positions

at Grinnell, particularly in the sciences and mathematics, we ask questions about their

research, and about how undergraduate students might become involved in that research.
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These questions provide insights into the professional goals of that candidate, whether or
not she intends to make a vital connection between her research and her teaching.
These questions also signal to the candidate that Grinnell is committed to supporting her
on-going efforts to integrate her work as teacher/scholar. This commitment becomes
tangible upon appeintment, as new faculty can work with their departmental colleagues
to establish a research laboratory, one that provides space for students as well as for the
individual researcher.

Prospective sience and mathematics faculty members are thus challenged to be
clear about their own commitment to teaching. Undergraduate science education is most

successful when the commitment to teaching is personal and deep. Faculty must

understand that teaching is a meaningful and important responsibility, and that

scholarship is as important for their department’s curriculum as it is for their own
professional development.

2. Socializing the New Faculty Member. Introduction of the new faculty member

to the institutional culture is a critical factor in clarifying expectations at the beginning of
a career. One of our sister institutions within the ACM. St. Olaf College, has a valuable
program for socializing new post-docs, begun with a grant from the Fund for the
Improvement of Postsecondary Education. Through this program, St. Olaf brings a new
post-doc into t..e Mathematics Department for one year providing mentoring from
experienced faculty, and opportunities to teach both alone and with colleagues. This
post-doc program provides a unique bridge between graduate school and the

undergraduate campus.
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3._Faculty Evaluation. At Grinnell, we follow a faculty appointment with great

care, assessing the work of that faculty member after 3, 6, and 12 years, again setting this

evaluation in the context of the larger institutional culture. We do not use end-of-course
questionnaires. Instead a student team interviews persons who have completed courses
from that professor. We also solicit statements from alumni who worked with that
professor. These results are combined with a faculty peer-review (of both teaching and
scholarly performance) from the academic department and external references about the
quality of the research and professional activities of that person. This again is a time-
consuming process, but for us, as we seek to develop a common commitment and vision
about our work as the community of Grinnell, this process becumes crucial to developing
a faculty that works cohesively to achieve common goals.

4. Participating in the Intellectual Community. This commitment 10 a common

vision of our work is expressed in faculty development opportunities. Let me describe
one that | am particularly pleased with, one which was begun by my predecessor,
President George Drake, who worked with President Hunter Rawlings of the University
of lowa. They initiated a program in which our faculties develop joint summer seminars
to study specific intellectual topics of common interest. Greduate students from lowa
and undergraduates from Grinnell are also included in the seminar. What faculty have
learned in these joint projects is that while the institutional ethos may differ, good
teaching requires an insistence on active learning in the classroom. A culture that

expects students to ask questions will also expect the teacher to make connections to
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other learning experiences of the students. This obviously places special demands on the
faculty leading the class. Offering bite-sized, pre-packaged lectures based on out-dated
text books does not work if you want students to be involved in the discussion, and to
make connections between the lecture and work they are doing in classroom and lab.
The Calculus Reform effort that I described earlier is another example of how
faculty can work together as peers in addressing common problems, focused in particular
on the problem of integrating advances in knowledge and technology into the process of
teaching and learning. It is also an example of how to build a culture that says working
on curriculum is a legitimate activity for undergraduate faculty--indeed, a responsibility.
Engagement with the larger community, within and without the campus, is essential to
nurturing the academic scientist. [ myself became a scientist because of the opportunity

to become a member of a larger intellectual tradition.

RECOMMENDATIONS. This leads me directly to my recommendations for the effort to
bring undergraduate teaching and research into better balance in colleges and universities
across the country. Work at the intersection of research and education is just becoming
a recognized legitimate activity for the scientific community. This work needs to be
encouraged--at institutions, within disciplinary and educational associations, and most
particularly, by NSF and the other FCCSET agencies that provide the financial support
for undergraduate reform efforts. In large part, it is this support that establishes the

parameters for individual institutionat reward systems.

g

.




[€)

ERIC

Page 12

President Pamela Ferguson, Grinnell College
March 31, 1992

RECOMMENDATION 1:

That a criterion for all awards from federal agencies that support undergraduate
activities be redefined o recognize more explicitly that work proposed to be done at
the intersecrion of teaching and research will merit equal consideration to work that is
purely basic research or that which is purely pedagogical in nature. For the NSF, this
would mean revising the definition of criteria listed in GRESE (see Exhibit A) by
adding special emphasis within criterion #4. Proposed wording for such an addition
would be:

Criterion (4), effect on the infrastructure of science and engirieering, permits
the evaluation of proposals in terms of their potential for improving the
scientific and engineering enterprise and its education activities in ways other
than those encompassed by the first three criteria. This criterion also permits
the evaluation of proposals from the perspective that research and teaching
represent complementary, rather than opposing components, particularly in
undergraduate programs.

Individual program guidelines would include the following specific institutional
characterisrics 1o be considered in the evaluation of proposals. Titese might include:
a) an analysis of the sponsoring institution’s commitment to canying out the project,
and explicit willingness of the institution to allow--and even to encourage--the grantee
to influence science and mathematics education within that institution, and within the
larger education community:

b) evidence that the instirution has made or is making structural changes campus-
wide in teaching assignments (including class sizes), general allocation of instirutional
resources committed to developing a leaming environment that is hands-on, and has
an appropriate range of faculty development opportunities in place for faculty ar all
stages of their careers; and

¢) an analysis of criteria for and evidence used in hiring, promotion, tenure decisions,

salary determinations that demonstrate an increasing commitment 1o teaching at the

undergraduate level. Institutions should be held accountable for the effectiveness of
teaching: evaluation of teaching must be central to personnel decisions. There should

be clear evidence that reward systems are in place for those who work with non-
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scierice majors, for those who involve majors in their research, and for those who
work at the intersection of research and teaching.

RECOMMENDATION 2
That a mechanism be established to provide on-going dialogue among all those with
a stake in undergraduate science and mathematics to talk regularly at disciplinary

conferences, through computer networks, and at specially-planned meetings.

SUMMARY. I would be remiss in my responsibility as a representative of Grinnell and
our peer institutions if I did not emphasize that the undergraduate experience in science
and mathematics cannot be compartmentalized into neat Jittle "reformable” packets.
Reform efforts must give attention to priorities for faculty development activities, to
delegation of teaching responsibilities, and to bringing teaching and ressarch together in
practice as well as in theory., Reform efforts must be undertaken from the awareness of
the inter-connected nature of the undergraduate experience--and that concern for
students has to be at the center of ur reform efforts.
As the 1989 Report of the National Advisory Group of Sigma Xi states:
In searching for the roots of the crisis in undergraduate education {we] hit
repeatedly upon the theme of accessibility for students: access to instruction that
generares enthusiasm and fosters long-term learning; access to a curriculum that is
relevant, flexible, and within their capabilities; access to a human environment that
is intellectually stimulating and emotionally supportive; and access to a physical
environmert that supports the other three dimensions. These crucial components
are strongly interrelated; weakness in any one diminishes the quality of
undergraduate education. (p.5)
We need to generate a new vitality in our nation’s scientific and technological

infrastructure, and we can only do this by recognizing fully the role that undergraduate

education plays in this effort. There are, | would venture to say, thousands of faculty
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members in the sciences and mathematics in campuses in every part of this country with
a devotion to teaching and to research, and 1o producing our next generation of scientists
and citizens. We need to identify. support, and reward these faculty, and the institutions
in which they work. We need to do this within each and every one of our home

institutions. We need to do this at the level of national policy. I believe the

recommendations that I have made, if given serious consideration. can play 4 role in

shaping a national culture for redressing the current imbalance between teaching and

research. The responsibility is ours.

1 thank you for the opportunity to present these remarks.
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EXHIBIT A

1II. PROPOSAL PROCESSING AND REVIEW

Proposals received by the Proposal Processing Unit are 2s-
signed 10 the ap propriate NSF program for acknowledgementang
review. All proposals are reviewed carefully by a screntist, en-
gineer, or science educator serving as an NSF Program Officer,
and usually by 3 1o 10 other individuals who are expens 1n the
parucular ficld represented by the proposal. Proposers arc invited
10 suggest names of persons Ihey believe arc especially well
quahfied 10 review the proposal or, giving reasons Or not, persons
they would prefer not review the proposal. Theee suggestions may
serve a8 one source in the roviewer sclection process at the
Program Officer's discretion. Some Program Officersobtaia com-
ments from asserbled review paacls or from site visits before
recommending final action on proposals. Recommendations for
awards are further reviewed by senior NSF staff for conformance
with Foundation policy.

When adecision is made, verbatimcopiesof reviews, excluding
the names of the reviewers, summanes of review §anel delibera-
uons, if any, a deseription of the process by which the proposal
was revicwed, and the contextof the decision, (such as the number
of proposals and awards. and informaiion about budgct
availability)are mailed to the Principal Lnvestigator/Project Diree-
tor The Principal Investigatot/Project Director may also request
and oblzin any other releasable material in NSF's file on the
proposal.

3. Ulilery or relevance of the research - This critenion 13
used (o assess (he likelihood thatthe research can conuribute
10 the achievemcnt of a goal that is extrinsic or in additon
10 that of the rescarch ficld iself, and thercby strve s the
basis for new orimproved technology or assistin the solution
of socictal problems.

4. Effect of the research on the infrasiructure of seience
and engineering — This criterion relates 0 the potenual of
the proposed resesrch to ¢ontribute to better understanding
or improvement of the quality , distribution, or effectiveness
of the Nation's fi¢ and ¢ngl ing h, educa-
tion, and menpower base.”

Criteria (1), (2). and (3} consustuie 2n:iniegral se1 andareapplicd
in abalanced way to all research and science egucation proposals
in accordance with the objectives and content of cach proposal.
Criterion (1), perf ce comp 15 ltothe evalua-
tion of the quality of every proposal. It covers the invesugator's
record of past research accomplishments. weluding, where sig-
nificant, communication of findings and shanngof data and ou.er
reseasch products: The relative weight given Cotena (2)and (3)
depends on the nature of the proposed work; Critenon (2).intansic
medit, is emphasized in the review of basic research proposals,
while Criterion (3), utility or relevance, is emphasized in the
review of applied resesrch propotals. Criterion (3) Also relates to

The Nztional Science Board established the following crirens
for the sclecuon of reseasch (including projects to improve the
teaching and lezrning of science and enginesring) projects by the
National Science Foundauon:

“In order to provide for the fair and cquitable selection of
the most meritonous rescarch projects for suppon, the Foun-
dauon has established cniteria for their revicw and evalua-
tion. These cnteria arc intended Lo be applied to all rescarch
proposalsina balanced and judieious manner, inaccordance
with the objectives and content of each proposal. Four
cnitena forthe %lestion of research projects by the Nationsl
Science Foundation arc listed below, together with the
elements that constitute each criterion.

1. Researck perfarmence ¢competence - This cntencn
relates to the capability of the investigator(s), the technical
soundness of the proposed approach, and the adequacy of
the institutional resources available.

2. latrinsic meri of the research - This eriterion is used
10 assess the likelihood that the rescarch will lead to new
discovenes or fundamental advances within its field of
science or engineenng. or have substantial tmpact on
progress in thai field or in other scientific and engineering
fictds

major goal-oncnied aclivities that the Foundauon esrries o, such
as those directed at tproving the knowledge bise underying
scienze and technology policy. furthering intemational coopera-
tion in stience and engineenng, and addressing areas of national
need.

Emcnon (4).!tff:cl on the infrastructure of science and en-

8 8, permits the eval of proposdls 1n terms of thar
potential for improving the scientific and engineering enterprise
and its education activilies tn ways other than those encompassed
by the first three ¢ntena. Included under this critcrion are ques-
uons rclaling to scientific, cngineering. and educarion personuiel,
including participation of women, minorities, and disabled in-
dividuals: the distnbution of resources with respect to institutions
and geographical area; stimulanon of high quality activities in
imponant butunderdeveloped fields. supportfresearchinivation
for investigators without previous Federal research suppan as a
Principal Invest gator of Co-Pancipal Investigator, and interdis-
ciplinary approaches to research or education in appropriate areas.

Any specific cnteria that apply to individual programs, while
falling within the general ¢atena present w in this section, are
eontuned in rele vant program or solicitati

Propasals that involve cooperauve activities with W+ ~saw-pact
countries may also be subject o intenal U.S. Government review
for p i tional security
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Mr. THOrRNTON. I want to thank each of you for a very fine sum-
mary of your excellent testimony.

It seems to me that there is a great deal of agreement by mem-
bers of the panel, but also some areas where additional comments
may be helpful in fleshing out the discussion.

The thing that really concerns meiabers of the committee, I be-
lieve, is whether the emphasis upon research has led to some of the
highest qualified intellects at a university from being actively in-
volved in teaching.

I think there will be possibly a divergence of opinions on this,
ranging from the research universities, where it may be less
common for the distinguished professor to routinely take a fresh-
man course, and to give incoming students an opportunity to hear
from the best mind available on the campus.

What is your experience at each of your institutions?

As a sidelight, not that I was the best mind, but I wanted to start
something. So, I taught each year that I was president of the uni-
vereity. As a result of that, the chancellors began teaching and, as
a result of that, the distinguished professors began teaching gener-
al summary courses, as well as doing the research.

What about your institution, Dr. Vest?

Dr. Vest. Well, since you mentioned that we each got at least
one opportunity to brag a little bit, I'd like to tell the story that
two years ago, one of our professors was literally teaching a fresh-
man physics laboratory when it was announced that he'd won the
Nobel Prize.

Mr. THORNTON. That is a marvelous story.

Dr. Vest. We, at MIT, are, of course, blessed with a very differ-
ent student to faculty ratio than some of the other institutions
around here. We do pride ourselves in getting first rate faculty as
lecturers, particularly in the large introductory classes.

We do, of course, do a lot of recitation and laboratory instruction
with graduate student teaching assistants. We do, however, in some
of the main line departments, including physics, manage to teach
all of our laboratory courses with professors and, by and large, in
the department of biology, we do as well. Every one of our faculty
members are expected to teach at least one course per term.

The thing that we have tried to do over the last two years, and
we're gaining success, is to get each of our freshman in association
with a senior faculty member or administrator through what we
call freshman advisor seminars, whereby in groups of six to eight,
the freshmen will spend their freshman year in a seminar format,
with a faculty member, and almost all of our deans, and vice presi-
dents, et cetera, participate in that.

I do have to admit with a red face, that I have not found my
schedule yet permitting that I teach a course. My predecessor, Paul
Grey, did once, and he had only one piece of advice for me, which
wasg, don't try it.

Mr. THorNTON. I perhaps should admit that the courses that I
taught were team taught.

[Laughter.]

Mr. THORNTUN. It was not always possible for me to be in attend-
ance, but we had a two or three person tcam teaching the courses,
and always at least two of us were there.
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Dr. VEest. If I could just comment, very briefly—and not to take
too much time from my colleagues—but we happened to be going
through salary decisions at the institute this week. I was particu-
larly pleased that the Dean of Science walked in.

Each dean has a certain amount of money that can be distribut-
ed for merit raises, and each dean has a separate little pot of funds
that can be used to top that off in areas of importance.

He had literally asked each of his department heads to produce a
list of the 10 people that they felt had had the greatest accomplish-
ments in the past year in research, and the 10 people that had the
greatest accomplishments in the last year in teaching.

Those discretionary funds were divided equally between the two,
and I believe, Karl, you are an expert on reward systems. It doesn’t
take too long for that kind of a message to get around.

Mr. THorNTON. That's a very splendid message.

Dr. Pister.

Dr. Pister. Well, since Dr. Vest told an MIT story, then I pre-
sume I have permission to tell a Berkeley story.

Mr. THORNTON. Indeed.

Dr. PisTER. I remember hearing from a freshman student his ab-
solute amazement when he found that the tall gentleman sitting in
the aisle listening to freshman chemistry lectures, who was prepar-
ing himself to teach, not the lecture course, but a freshman chemis-
try laboratory was Nobel laureate and former AEC Chair, Glenn
Seaborg.

So, I tell that story to make the point that on our university
campuses, everyone is above average, but some are more above av-
erage than others.

I think the more above average in other folks like the Seaborgs
and like your physics colleague are people who have succeeded be-
cause of their enormous talent and energy. That’s not the group we
are talking about.

The group, in my view. at research universities, that is put at
greate’ . isk is the great majority of us who are not above the
above average group, and the pressure that young faculty feel
today, especially, to get engaged in the research game. That re-
search game is a business, because the institution, in most cases,
will not survive, economically, unless the faculty members play in
the business.

That’s the kind of pressure, I think, that demeans the academic
life. I think it is something that Federal agencies and universities
have to take very seriously.

If I'm permitted one more story, I th:ink the State of Califcrnia
stands out as an excellent example in funding academic year sala-
ries of its faculty, in both its U.C. system, and its California State
University system.

No faculty member in the State of California from a public insti-
tution has to worry about his or her nine month salary. That's a
pressure that colleagues in many other states— most other states—
have to face every day.

Mr. THORNTON, Thank you very much.

Dr. Carlisle.

Dr. Caruisrr. Thank you. I feel a bit in the samec situation I did
at a panel over i Arlington a year o~ two ago, when I was fifth,
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and to my left, there was Bob O’Neal, the President of UVA, et
cetera, et cetera. Every one of them invoked Thomas Jefferson.

Then they got to me and, for the audience, I invoked Justin Mor-
rill, and only got blank looks throughout.

Mr. THorNTON. May I paraphrase for you the statement that he
made about 130 years ago in saying, “In today’s high technology
world, the world is moving so rapidly that we must use our best
efforts to maintain our ability te discover and to apply that discov-
ery. If the world moves at ten knots, and we at only six, we will be
left in the lurch.”

Justin Morrill, as everyone here knows, was leading the effort
for the land grant college system at the time of that remark.

Dr. CarusiE. It's a wonderful remark. I'm instructed by it.
Thank you.

Let me make two or three or maybe four quick points in reply to
your gquestion.

First of all, I think in a place like Virginia Tech, the situation is
very mixed about whether the finest senior faculty, the finest
minds, even among the junior faculty are teaching undergraduates.

I met just last week with the biochemistry faculty. That is a fac-
ulty which I believe has very well integrated undergraduate in-
struction, graduate study, and faculty research so that faculty re-
search in laboratories becomes one of the main means of instruct-
ing undergraduates.

The facts are much like that in a number of departments, and in
other departments, it is not the case. But what strikes me most is
the way that it is so deeply imbedded in the culture. Faculty people
I talk to, time after time, breakfast after breakfast, say to me, yes,
but we know what really counts.

Therefore, it seems to me their intuitive commitment is then to
research, to some extent, at the expense of undergraduate educa-
tion. But the same faculty probably, in some cases, do fine jobs
teaching undergraduates.

Second, it seems to me, one of the ways to begin to get at this
and permit the kind of flexibility President Vest talked about, the
kind of multi-dinienisional excellence we and my land grant col-
leagues talk about is to place responsibilities on departments for
achieving the primary classic three missions of the university,
ratlher than to place all three of those responsibilities on individ-
uals.

That way, departments are responsible for achieving every one of
our missions well, and faculty can then be given differertial kinds
of assignments. We plan to begin a program of recognizing and re-
warding departments who do that, who establish a fine learning
environment, both for undergraduate students and faculty.

As far as teaching goes, I do teach, from time to time. I taught a
course last spring—a course in our liberal education program—all
by myself. By May, the students had run up my back at that point,
and they had overtaken me. Next fall, I will be teaching an honors
colloquium.

I have asked virtually every person in my office. I lean on the
deans, and suggest that they, too, teach from time to time, and
teach undergraduates to show that, yes, we tell you this, we mean
it, and we are also trying to help out.




82

Mr. THORNTON. I admire you for teaching the course without the
benefit of a team to assist in it. I was there occasionally alone, and
with an honors group, it sometimes gets pretty close.

Dr. CarusLe. This is true, but they are bright enough to be un-
derstanding about my own limitations.

I have faculty people ask me how I keep up and, of course, T say,
I don’t. Late in the semester last year, I truly felt that I was not
?_oing either job as well as I would like, but I was having a lot of

un.

Mr. THORNTON. Well, as a matter of fact, the thing that I liked
best about it was that it seemed to set a tone throughout the uni-
versity that teaching was truly very important.

There’s another thing—well, I want to hear from you, Dr. Fergu-
son, then I have a couple more questions, and I'll recognize Mr.
Fawell for such questions as he may have.

Dr. Ferguson.

Dr. FERGUSON. Well, yes, and again, my perspectives of a course
at Grinnell is a little different because, again, we're an undergrad-
uate institution.

So, therefore, one of the clearest ways you send a signal that
teaching is important is that every one teaches the same amount.
We don't use an inducement to get the people we most like by of-
fering them a lower teaching load. I think that that’s totally appro-
priate, at certain kinds of institutions.

I think, though, to echo maybe it was Dr. Pister’'s views where
everyone is trying to be Harvard or MIT, that many institutions
persist in doing this, where they are not going to be those institu-
tions.

I think one of the strong ways we reinforce the importance of
teaching is that everyone at Grinnell teaches the equivalent of five
courses a year. It still leaves you time for research. They publish
regularly, but it also sends a uniform signal that somehow “there’s
not a two-tiered system.”

I taught. It was my first semester as president last semester. I
taught a calculus course, which is an introductory course. I thought
I should be in with the freshman to learn what it was like.

I learned a tremendous amount about what innovative, exciting
teaching with really great technology can be like. I loved teaching
at the previous institution where I also regularly taught while I
was dean, but where we didn’t have that wonderful technology to
change the kind of experience.

It may have sent a signal but, candidly, I also did it for the self-
ish reasons that I had a lot to learn about the institution.

I think any administrator who wants to know what's really going
on in an institution has to spend some time in the classroom,
whether it’s in a team-taught or an honors colloquium, or else you
miss out—things change very rapidly. Students do change.

Mr. THornTON. Thank you very much, Dr. Ferguson.

A couple—maybe one question including two things-— first, I'm
pleased to report that this is something for which I can claim no
credit from the University of Arkansas. I doubt that I would have
had the courage to implement this.

The dean of vur college of education, Dr. Ruderick McDavis, has
just announced that the College of Education will no longer award

o
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a four year bachelors degree in education, and that students who
wish to become teachers must take a four year course in an appro-
priate discipline, whether it be engineering, science, history, eng-
lish, or whatever it may be.

Only after completing their undergraduate work in a discipline
will they be eligible to enter the college of education for a graduate
degree, which will teach them how to apply the methods needed to
transmit that information to students K-12.

I'd like to have each of you comment on that approach and also
to amplify a bit on the role of merit pay assessments in emphasiz-
ing teaching and how you address that.

Dr. Vest.

Dr. Vest. With regard to your first comment, I strongly salute it.
I hope that that sets a great precedent across the Nation.

I'm also pleased to note that a small, but clearly increasing
number of our MIT seniors are beginning to opt for careers in sec-
ondary schools and working together with Wellesley and other in-
stitutions nearby, gaining their certification in addition to their un-
dergraduate disciplinary degrees.

Indeed, last year’s senior class chose this as the project that they
wanted to fund, making available a little bit of a fellowship to help
with the additional tuition that was required to gain certification.

With regard to merit pay, I think all of us at the table would
aggjee that this gets to the very core of the questior. that is in front
of us.

I have no magic answers, but at the Institute, we have taken
some specific steps to enhance the recognition of teaching accom-
plishment when we make merit pay increases, and also through
the tenure and promotion system, first of all, by requiring that es-
sentially a f'nh:edp or certain level of the case books and arguments
that are prepared for each individual address the matter of teach-
ing.

The vast majority of our faculty are evaluated by the students
acccrding to set criteria. Wise department heads and deans look at
those things very closely.

But I would certainly not claim that we have yet achieved the
balance between measurement and consideration of teaching ac-
complishment and research accomplishment that I and my col-
leagues would like to see in the future, but I believe that the gradi-
ent is in the right direction.

Mr. THORNTON. Thank you very much.

One reason for this question is that just recently, a week ago, as
a matter of fact, the Department of Education released the initial
findings of a study entitled, “How Teaching and Research Activi-
ties Affect Faculty Compensation at Four Year Colleges and Uni-
versities.” It examined data from 4,300 full-time tenure track facul-
ty from four year institutions.

Regrettably, from our standpoint, the report revealed the follow-
ing, that the more time spent on teaching, the lower the salary
compensation, and the more time spent on research, the higher the
salary compensation.

So, as we deal with merit pay, I think we need to recognize that
the field is skewed, somewhat, at the present time, toward reward-
ing research.
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Dr. Carlisle—oh, Dr. Pister.

Dr. Pi1steR. May I have an opportunity to answer that one?

Mr. THorRNTON. Yes.

Dr. Pister. First of all, I certainly support certification on top of
disciplinary specialization first. It’s certainly a trend that is com-
mendable and, I hope, will become universal in this country.

The question of rewarding through merit or promotion faculty
performance is unquestionably skewed toward research. Your data
just showed that. Every one of us that’s had any administrative ex-
perience knows that to be a fact. The degfree of skewing depends on
the institution and, indeed, to a cerfain extent, the discipline
within an institution.

In my view, the response to this ought to be a broader under-
standing and interpretation of creative scholarship. Ernie Boyer’s
survey calls attention to this.

Everyone of us usually looks at a multi-dimensional faculty per-
formance measure, but, in fact, in the last forty years, at least, it
has become almost standard to place almost the entire burden of
accomplishment for a faculty member in the research creativity
area at the expense of scholarship of teaching or scholarship of ap-
plication of knowledge, or even, I would add, the integration and
synthesis of knowledge.

If you are not a discoverer, if you are not finding a new element,
or you are not finding a new algorithm, or whatever it is, you are
seemingly not doing research—something that I think if carried to
the limit, would have killed our medical schools long ago.

Indeed, it's had a profound effect on the teaching of engineering
in this country, as many of us who have been in engineering have
realized our loss of competence in manufacturing, to a certain
extent, can be correlated to, I think, teaching the profession of en-
gineering too closely to the model of science, and not to a profes-
sion.

So we need to reverse that and that is part of the cultural
change that our institutions and our Federal agencies that fund us
must taxe into account.

Mr. THORNTON. Are any of you familiar with the March 25th
Chronicle of Higher Education article discussing Syracuse Univer-
sity? I'm enjoying the conversation here with several of you.

Dr. Carlisle, would you like to address the question I first raised,
and then go ahead and wind up with the Syracuse University ex-
ample, of what we can learn from that.

Dr. Caruisie. I may not speak as much to that as you want me
to. To remember your question, I'm acting like a student now?

Mr. THORNTON. Yes, sir.

Dr. CaruisLe. Your question was, am I familiar with it?

Mr. THORNTON. Yes.

Dr. CaruisLe. If noi, can I answer an exam question on the Syra-
cuse model.

[Laughter.]

Dr. CARLISLE. But that's okay, that's okay.

Let me speak to two things, and then speak to, I think, what is
happening, certainly, at Syracuse. [ know a little about that. I read
a letter from the president of Syracuse on that, and a little bit
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about what is happening at a number of land grant universities
across the country.

As to your question about five year teaching certification pro-
grams, that has been a pretty strong movement across the country
over the last five or ten years through the so-called ‘“Holmes
Group,” and I dc think it will, in effect, take over as the dominant
mode], at least at large institutions such as ours, at state universi-
ties, and perhaps at the privates, as well. It does make sense, so I
really endorse what both my colleagues have said, and don't need
to say a whole lot more about that.

Merit pay—you have the facts. Dr. Pister has indicated the case
at research universities. Certainly, it is the case at Virginia Tech
as well, that we have skewed to, I think, a mistaken degree, the
emphasis on research.

I've noticed—I've been at Virginia Tech thrze years, but I've
been doing this kind of a job for seven. I’ve noticed even in the
three years I've been at Virginia Tech, a change in the promotion
and tenure files that I read, and I read all of those that come to the
university.

During my first year they were, as you might expect, out of 30
pages, 25—I'm exaggerating—were devoted to research, to demon-
strating how effective an individual’s research was. There were
some token demonstrations—maybe a little more than that sorne-
times about teaching and almost nothing about service, except for
cooperative extension people.

Through conversation, through emphasis, through a revision of
the guidelines, I'm seeing just in three years a change. First of all,
teaching comes first in the dossier that comes to the university
committee, and faculty are row required to demonstrate at some
length and in several ways their effectiveness as teachers. They
still, of course, say almost as much as they’ve always said, and very
well, about research.

My sense is that this will begin to change the evidence that we
use for salary increases, and it is one means, at least, of beginning
to modify the cultural kind of just instinctive commitment to give
more money to the prestigious researcher than to the fine teacher.

I think—and my last comment about that—I think that the real
nub of things lies with department chairs or department heads,
blessed witl: faculty, because the surveys I read suggest that facul-
ty are ready for the kind of change that, in one way or another, we
are all talking about. Deans are. My colleagues across the country
are.

I find my sentence getting me to the point of answering the ques-
tion. why then——what's holding us hack? The department head—no
I don’t quite mean that, but I do think, to some extent, unless the
department heads really come around, and believe that presidents
mean what they say about the balance, I think change will be
much slower.

Now, notice the way I evaded your question about Syracuse by
taking so much time,

Mr. TaornTON. I'm very pleased that you've demonstrated a skill
that I thought wue reserved Lo lawyers.

[Laughter.)
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Mr. THORNTON. As a matter of fact, I appreciate your candid ob-
servations there.

Dr. Ferguson.

Dr. Fercuson, Yes, let me say that, gee, I know the answer to
the Syracuse questlon in the sense of being able to recall z little
bit more what was in the article, primarily simply because Syra-
cuse and the University of Miami, where I used to work, and en-
Jjoyed working very much, in many ways, were similar.

They are both private institutions. They are both expensive, and
they are both largely tuition-driven. They are fine institutions, but
they are not MIT, as far as research dollars acquired.

So I read with some interest the fact that they were taking this
view of being now a student-centered research institution, by
adding some words at the beginning. I also read with—and I con-
gratulate everything they are trying to do there. I know they are
trying to do that at Miami, too.

I'm also extraordinarily sympathetic, after 21 years as a faculty
person at Miami, and only five of those years as an administrator,
with the skepticism indicated in that article by some of the facul-
ty—not a lack of good will, but not really being sure they mean it.

There was a wonderful story, a person cited of someone who Lad
fair research and great teaching, and got tenure, and three years
ago, he felt it would be the other way around.

Well, at the risk of doing what I promised myself I wouldn't do
before I came here, let me say the following from my dual perspec-
tive. I am sure there were people at my previous institution who
did not get tenure because they weren’'t good teachers. I'm sure
there were, but I don’t know the name of one of them,

I do know the names of lots of bad teachers who were pretty
good at research who did get tenure. So, while I applaud what is
going on at Syracuse, I think it is going to take awhile, and it is
going to take a lot of symbols being sent forth.

As far as the point about education, again, I think what Arkan-
sas is doing is wonderful. We, at Grinnell, again, don’t give gradu-
ate degrees, but because we felt so— and in fact, the only profes-
sional program we have is education, we do have a department of
education, but because we believe so strongly that four years of un-
dergraduate experience is important, we give a frez ninth semes-
ter, where students can come back.

We pay their tuition and expenses so that they can get accredita-
tior and internship in that free ninth semester. We've been doing
that for years.

Mr. THORNTON. Thank you very much, Dr. Ferguson.

The gentlernan from Illinois, Mr. Fawell.

Ms. FAwWELL. I'm going to pass at this time. I have enjoyed listen-
ing to the testimony, and I look forward to reading the entire tran-
script.

Mr. TaHorNTON. Thank you, Mr. Fawell.

Let me just relate, Dr. Vest, to your quotation from a noted phi-
losopher, Pogo Possum, at the beginning of your testimony, and
state that he also is quoted as saying, ‘“We have met the enemy,
and he is us.’

In some sense, we do have the future of our educational enter-
prise in the hands of people who are included in this panel and in

9.
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the next panel, because it's very important not to separate the
function of teaching from the function of research.

Dr. Carlisle.

Dr. CarusLE. I wanted to make one—I sense you are closing, and
I don’t want the last word, but I thought—I'd like to get back to
Blacksburg tonight without having a lot of department heads wait-
ing at the edge of town for me.

Mr. THORNTON. Okay.

Dr. Carusce. So I thought I ought to clarify, one of my col-
leagues has reminded me that part of the dilemma that we are in
has to do with, on the one hand, a commitment to national profes-
sions, and to recognition through those national disciplines; and on
the other hand, the responsibilities one has to the university as a
community, and to its instructional and communal obligations.

Department head is at the intersection of those two sometimes
conflicting worlds that a faculty member must live in. It's hard
being a department head. I was one, once. I think that's why I
place the burden on the department heads, because they've got to
find the way to help faculty balance those two sometimes conflict-
ing demands.

Thanks.

Mr. THorNiON. I appreciate that addition and, indeed, agree
with the assessment that the department head is really that point
at which these forces tend to be resolved or not resolved.

I want to thank each of you for your fine testimony. It’s been
very helpful.

Oh, would you like to ask any questions?

Mr. NagLE. Certainly—absolutely.

Mr. THORNTON. The gentleman from Iowa.

Mr. NagLe. I'd first like to point out that we have Grinnell Col-
lege here. For those of you who think the Big Ten is everything
this week, you should be reminded that, historically, the first foot-
ball game Grinnell ever played, they beat the University of Iowa.

[Laughter.]

Dr. FErGgUSON. That was about the last game we won, too.

[Laughter.]

Mr. NaGLE. Academically, Madam President, you've been under
some suspect. You've started to win some games, and it made us all
nervous.

The thing that I wanted to focus on, if I could just for a second—
I don't know what you've covered before I got here — but this—I
don’t want to say ineptitude, but this inability, seemingly, to bring
undergraduate students through the process in science and math,
chemnistry, particularly, if we are talking about Grinnell, in a broad
sense, given the success that smaller colleges have had versus
larger universities, and not wanting you to offend larger universi-
ties, is there anything we should be looking at as a Congress, in
terms of ernhancing undergraduate science and math education,
that our larger universities and smaller universities seem to be
having more success with?

Dr. Ferguson. I think, yes, I understand all the very strong,
healthy tensions, and the absolute nced for the departnient head at
a larger institution to be he'ped o deal with the tension that does
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?ot exist at the smaller institutions, so not everything will trans-
er.

But I think, to the extent that this committee can urge various
funding agencies to provide—and this is not just one more request
for funds—but to put undergraduate education on the national
agenda to make it intellectually respectable and exciting.

The NSF funding, for example, of calculus reform has trans-
formed the national meetings of the American Mathematical Socie-
ty versus what they lookzd like ten years ago.

It’s the broadening of the intellectual enterprise that Ernest
Boyer has talked about, and that Dr. Pister has referred to, that I
think that the Federal funding agencies, in their allocations of
funds, and this committee, in having hearings like this, can help
institutions raise people's awareness of indeed the fact that the ad-
ministrations do value undergraduate teaching. But that has to be
made part of a nestional agenda, not just a campus-wide activity.

Mr. NAGLE. But the contrast—the thing I'm consistently told, Dr.
Ferguson, and I'm picking on you, because I think I know the
answer—the thing I'm consistently told, of course, is the fact that
smalier colleges produce so many more successful candidates—
Ph.D. candidate levels—than your institution, Grinnell, which I'm
of course intimately familiar with.

Is there a secret as to why more people are coming through your
process as opposed to coming through the larger universities?

Dr. FErRGUSON. Sure, because we're student-centered, because we
judge ourselves in terms of alumni, because we believe very strong-
ly in hands-on, investigative experience in the classroom of curricu-
lar innovation. We send our senior faculty in to teach.

I think that exciting, involving curriculum and giving faculty the
development time, we devote «ignificant funds at Grinnell to give
faculty development funds to develop new courses, new curriculum,
to provide opportunities for people from different disciplines to talk
together.

Those aren't big dollars. I mean, it’s a significant amount. I
think we spent about $100,000 of our money last year. That's less
than the cost of a start-up for half a chemist at MIT, but it pro-
vides that needed time and ability for people from disciplines to
talk to one another.

I think that those are strong signals that can be sent, too. But I
think it’s that kind of emphasis.

Mr. NacrE. Dr. Carlisle, Dr. Pister, Dr. Vest, any response?

Dr. Pister. I agree. One of the problems at a large institution—
research-centered institution-—is that students look at the life of a
young faculty member and say, hey, that's not a life I want to lead.

It's a very—it’s a tremendously rewarding life, but it’s an enor-
mously high pressure life that, at the begianing, doesn’t seem to be
paying off.

It does pay off in the long run. I think those of us who have been
through decades of academic life—I wouldn't do it any other way,
if I could live my life again. It’s a marvelous opportunity tc serve
society, and to find personal reward.

But today, the young facully member, comiug into the system,
las a very different experience than I did forty years ago. The
pressure is enormous, compared to what it was forty vouars ago.
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I was able to get tenure at Berkeley, never having written a re-
search proposal. That would be unheard of today, in most of ocur
research institutions. Life was simpler.

Not that our whole society has changed, but I'm saying that Dr.
Ferguson’s remarks about hands-on involvement in students is the
real answer to motivation and getting the more domestic students
to go on to graduate school in the country, a matter that is in need
of a great amount of attention in this country.

Mr. NacLE. But some practical questions, if I could.

Dr. PisTER. Sure.

Mr. NagrLe. And, then, Dr. Carlisle, I'd welcome your response;
Dr. Vest, I'd welcome yours on how you do that, I mean, just in
terms of steps for the Congress—one, two, three, because I agree
with you. I think the pressure—

Dr. PistER. I think—and there may be some disagreement on this
panel on this matter—I think the funding agencies have to look at
the tripartite missions of their research universities that they are
funding—teaching, research, and service.

You've given a great deal of attention to research, and only in
very recent times has there been any attention at all to the matter
of teaching in our research institutions.

I think the NSF has been a leader in setting up programs to en-
hance the quality of teaching undergraduates in inath, science, and
engineering.

Dr. Vest. I would particularly second the comments on the im-
portance of hands-on experiences in learning about science. Every
rit of data I've ever seen shows that that is important in retaining
the interests of students and in enhancing and enriching their un-
derstanding of the fields.

That is the biggest challenge, I think, that those of us represent-
ilil]g large universities face. It's becoming increasingly difficult to do
that.

I mentioned earlier in my testimony that one way, over the
years, that MIT has attemptzd to improve that situation somewhat
is through an endowed pregram to involve undergraduates directly
with faculty and graduate students in research activities. It's a
very key component of much of the iearning of our undergradu-
ates.

It might interest you to know that that program came about be-
cause a very famous person in this country, Edwin Land, the devel-
oper of Polaroid photography and Polaroid corporation, saw this as
a crying need, and devoted a significant part of his personal
wealth, anonymously, I might add, to make this kind of education
possible.

I also believe, and I hope not naively so, that the Federal Gov-
ernment could assist us in doing more developn.ent in this area.

Some of the things I've seen around the country in developing
language skills through the use of interactive video, and so forth, I
think, can be moved over into the learning domain in science.

A number of us in the room, I think, are aware of various experi-
ments that have shown that some self-paced, computer- assisted
learning in some of the core undergraduate areas of science have
made tremendous impact on students, particularly in the very
large schools.

Q
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So, there are some ways in which I think we can begin to mimic
and learn from the experience in smaller instructional organiza-
tions.

Mr. NAGLE. Dr. Carlisle.

Dr. CarLISLE. First of all, I agree, wholeheartedly, with Dr. Pis-
ter’s comments about funding, and that certainly is an area where,
recently, NSF and the Congress have been helpful, and where I be-
lieve, in the future, it can both can be even more helpful.

Let me mention three things as illustrations of what I think
might be done to encourage the better students to go on into uni-
versity-kinds of activities, or at least to go on into graduate pro-
grams.

First of all, there is something we have done, or are doing, a
second one we are about to do, and a third we must do.

The first is that we have completely revised and regenerated, in
a substantial way, our honors program, so that more faculty are in-
volved, and many more students are engaged. I think this is a way
of personalizing undergraduate education for the most able.

Also. it is a way of encouraging them to think about graduate
work and academic institutions as their professions.

Second, the SUCCEED Program in engineering, that I mentioned
earlier is an example, it seems to me, of an NSF- funded program
that will directly affect and improve, assuredly, the teaching of un-
dergraduate engineering, and will also diversify the population of
students in undergraduate engineering.

Third, is something we must do. We've talked about it. We have
not yet done it, and we can learn here, certainly, from other uni-
versities, but particularly from liberal arts colleges. We really need
to introduce into our university a somewhat, at least, coherent
freshman year program that will help personalize the freshman
year, help give it some kind of sense, other than its hugeness and
fragmentation that so many young people, at least, could experi-
ence in coming, even, to Blacksburg.

Theat's something that we will be working on over the next
couple of years.

Mr. Nagre. Don’t we though, with our policies of how we fund
research from a Federal level, don’t we actually contribute to the
impediment of this process by requiring the measure of success of a
professor of science or math to generate research dollars for his in-
stitution?

I mean, are we contributing to the dilemma that you have in
terms of bringing the larger institutions to these people through
the process? And, if we are, how do we correct that?

Dr. CaruisLE. I guess, since my mike’s on, I think, that’s probably
the case. But I think what you are referring to is—and I'm going to
pass this on to somebody else in a moment—what you are referring
to, it strikes me, is part of a fundamental change in the way higher
education has been funded over the last 25 years.

The funding structure has changed in a significant way and that,
indeed, drives, to some extent, the rewards system. Tﬁe funding

structure may not change, but the way the funding is directed
could help change the reward structure or the expectations we set
for faculty, much the way that Dr. Pister was talking about.




91

Dr. Pister. I think, in addition, the problem is complicated by
the fact that the number of institutions and individuals competing
for the funds has increased at a much faster rate than the avail-
ability of funds, so that the funding patterns that were possible to
leave—I would put it this way—to leave the research university
faculty in a state of reasonable equilibrium in the late 1950s and
1969s— we’ve passed that period.

Now, a faculty member, typically, has to devote, in my view, an
unreasonable amount of time, in the competition process, often un-
successfully and, indeed, in the case of a young faculty member, too
often unsuccessfully, so that we have a lot of overhead, a lot of
waste going on, and faculty having to {ry to compete for limited
dollars. .

Bob White, the President of NAE, in a paper he wrote, called at-
tention to this. We are putting pressure on engineering faculty to
compete in this arena instead of getting them off to do things that
would help the economic competitiveness of the United States
through more attention to their professional obligaticns.

So I think it is both the dollars available, what the dollars are
for, and the competition for those dollars that’s contributing to this
problem. So our mission agencies need to rethink what they are
going to spend their dollars for.

Mr. NaGLE. The Chairman is being very kind to me.

Dr. Vest, do you wish to contribute?

Dr. VesTt. I agree very much with what Dr. Pister has just said,
and in my own testimony made the point that one thing that, in
my opinion, we do not want to do is to cut back on the availability
of research funding, thereby exacerbating the various problems we
are talking about.

I think we did agree, at the beginning of the session that the re-
search productivity and function of our great universities is an
enormous national strength.

What we are talking about is trying to achieve a better internal
balance, but we certainly do not want to throw the baby out with
the bath water, as one might say.

I also would make one statement that I'm not at all sure wheth-
er my colleagues would agree with or not. I, personally, believe we
would make an error if in changing the thrust of some of the Fed-
eral funding to enhance undergraduate education, we were to begin
to walk colleges and universities out on the same limb, whereby
suddenly faculty would become responsible for bringing external
funding in to support their teaching, for heaven’s sakes. That
would g1 in the wrong direct on.

Therefore, as a policy 1aatter, I would submit that the wisest
course is to make increasing amounts of money available tc devel-
op experimental programs, to develop curricular materiais, to try
out innovative collaborations among universities, and so forth, but
not to, in a sense, walk us out on the same limb of dependency that
we have.

Mr. NAGLE. Let me ask you a question that may make everybody
in the room nervous. It seems to me-—and you immediately get in a
great deal of difficulty if you say this, ﬁut I'm going to say it
anyway.
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But let me say to the four of you, you know, I know we have this
peer process of review for research grants, but it seems to me that
we are requiring the potentially teaching faculty/research faculty
tc spend an inordinate amount of time in pursuing of research, per-
he.ps at the expense of undergraduate education.

Have we swung the pendulum so far towards the peer process of
review and the peer process of application of research grants that
we've got the pendulum too far on one side?

I mean, I remember talking to the head of a department at the
University of Iowa where a quarter of his time is spent administer-
ing the department, and half of his time is spent, you know,
making applications for grants, and the remaining quarter is spent
one-twelfth teaching and one- twelfth doing his own research
projects.

So, I mean, everyone says you can’t attack the peer process, but
I'd like to raise the question this afternoon, is that peer process
contributing to a disbalance of emphasis on research at the Ph.D.
level to a lack of emphasis on education at the undergraduate
level, and are there papers or thoughts or any review in the scien-
tific community, or in the academic community as to how we might
strike a better balance?

Dr. Vest. One very quick comment, and then I'll turn to my col-
leagues.

I think that many of us believe that the fundamental issue is
that in an era of relatively fixed Federal funding for research and
higher education, that part of the problem is that far too many in-
stitutions have tried to march to the same drum.

I think there was general agreement across the table earlier that
we must get away from the philosophy that every institution as-
pires to be a Ph.D.-granting research university.

We must be realistic about the number of schools of that type
that we can afford in the country, and we must, I think, engender
a greater public and professional respect for the variety of kinds of
institutions that we make available to our young people.

Mr. NacrLe. Why do you make that assumption that some univer-
sities have to be research institutions and some universities have to
be teaching institutions? What is the genesis of that conclusion?

Dr. Vest. Well, I believe that we have a wide variety of aspira-
tions among young people, and 1.0t everybody needs to be exposed
to the deep research enterprise. I think we need more attention
paid to technical schools, to community colleges, to fitting people’s
talents to the outcome.

I think that we cannot afford for every institution to be in the
same mold, nor should we. Grinnell is very different than MIT, and
MIT is very different than Berkeley and Santa Cruz.

I think we should celebrate that difference and respect what
each kind of institution can do well, and let students, sort of by the
free market, if you will, flow to where they will get the most bene-
ficial experience for themselves.

Mr. NAGLE. Yes. Go ahead.

Dr. FERGUSON. I'd like to agree with that; but, nonetheless, while
we’'re marching to a different drummer, you guys are setting the
tune.
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People go into a discipline because they love the discipline. I
identified myself, nationally, as a mathematician, not as a mathe-
matician at a place “x.”

As long as a huge portion of the NSF budget is going to re-
search-—and believe me, I'm not knocking research-—but as long as
that is where it is, that's where the prestige is.

None of us went into the scientific fields because we wanted to
get rich. A lot of it is tied up with wanting to belong to this nation-
wide or worldwide collection of scholars.

So, I am in no way knocking research. But as long as most of the
money that the Federal Government gives is for research, do not
be surprised when most institutions and faculty are judging them-
selves that way.

If we are serious about improving undergraduate science educa-
tion, you have to give more than seven percent of the NSF’s budget
to changing cur -:ulum, to instrumentation, because otherwise, you
are sending a mixed message to a very smart group of people.

It isn’t that the faculty at Grinnell do not want to be on the fac-
ulty at MIT, nor do the faculty at VPI want to be, necessarily, at
MIT, but they do need to still be part of the national agenda.

I think as long as the government is putting all those dollars in
research—and, again, it's not a knocking of research—you can’t be
surprised when undergraduate education hasn’t made quantum
leaps forward.

Mr. NaGLE. What I don’t understand about the academic commu-
nity is why you, who are supposed to be in the forefront of re-
search, are willing to accept a budget allocation as a given, and
why I do not see more scholarly papers in review of the peer proc-
ess, and where that peer process is driving us in terms of research
allocation, and also why we are not questioning, generically, the al-
location of resources.

I mean, I just don’t see the creative thought coming from a com-
munity that should be known, first, not for its science, but for its
creativity. I don’t understand that.

Are there some papers out there that I haven't seen, or some re-
search documents that I haven’t seen, or some discussions taking
place in some symposiums that I haven’t had an opportunity to
visit on this whole question, and if not, why not?

Dr. FErGuson. Yes, I think there are. For example, the Gordon
Conference is going on right now. Those are ususlly just about re-
search topics. This week, it's devoted to talking about undergradu-
ate education.

I think we are moving in that direction, but I agree, and I think
this was in the NSF Young Scholars Symposium Report, which I
know Denice and several others of the other panel talked about—
about the need for the academic community to consider exactly
these kinds of questions.

Mr. NAGLE. Anybody else?

Last question, are there some unique things that we are not
doing? I promise, this is the last one, Mr. Chairman. Are there
some unique things that we are not doing or that we should con-
template doing, in terms of attracting minorities, and within that,
just generically, by definition, I would include women—to the sci-
entific fields?
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Because when I looked at the pool of resource talent available,
coming out of the high schools in the next decade, it appears to me
that we are going to have a tremendous shortage, particularly in
terms of captivating the intellectual talent of the Hispanic commu-
nity, the Black community, the Vietnamese community, as well as
women and other minorities.

I don’t mean to exclude anybody by failing to identify them, but
are there some things that we should be doing that we’re not
doing—some funding focuses that we should have that we don’t
have, or some projects, in any way shape or form, with regards to
that direction?

Dr. Pister. May I take that question, and then, Mr. Chairman,
beg to be excused so I'll be able to get back to my job. I don’t want
to be an unemployed academic.

Mr. NaGLE. | promise this is the last question.

Mr. THORNTON. There's always room in politics.

[Laughter.]

Dr. PisteR. I think there is something, very definitely, that can
be done by Federal agencies. Once again, I have no particular ar-
rangement with the National Science Foundation, but I'd like to
say that I think NSF has taken a leadership role, here again, in
emphasizing programs that are aimed at diversity in engineering
and science education, beginning at K-12.

I think the main thing that has to be done is for the budget allo-
cators to work with us to change the institutional culture. We have
tended to treat the question ot diversity by marginalizing it in our
institutions.

We set up programs that are, basically, at the edge. If you need
to bring women into engineering, you set up a program that’s at
the edge of the function of the school or college, called a special
program for women in engineering, and you make the women stu-
dents feel comfortable because they are part of that program.
Gradually, they are assumed to be integratable ot assimilated into
the mainstream male culture, in this case.

The same thing is true of our minority students. We started
there. We had to make a start with under-represented minorities
and women, using this marginal model. But I contend that, particu-
larly because of the nature of the population, the ethnic composi-
tion change in the population, we can no longer afford to do this.

We have to mainstream our programs aimed at diversity. We can
no longer expect, as the sociologist would say, to move toward the
homogeneous ideal. It just won’t happen.

So, I encourage you to look at ways to force institutions to make
the question of diversity of the faculty, the students, and the staff a
main structural problem for the institution.

May I be excused, Mr. Chairman?

Mr. THORNTON. I'm sorry, Dr. Pister. I think that does conclude
the time for this panel.

I want to thank my colleague from Iowa, Mr. Nagle, for his fine
questions, and commend each of you for your responsiveness. I
would like to ask, if you would agree, tha. if the staff decides some
additional points need to be covered, if you would respond in writ-
ing to such questions as they may address.

I thank each of you for your testimony.

4o
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The second panel will come forward.

The hearing will resume.

We now, having identified that the real focus of this hearing
should be upon those people who serve as chairmen and depart-
ment heads—I notice that we have two department heads or chair-
men and an associate dean, and an associate professor in a depart-
ment, SO now is your time to help us to understand the uature of
the problem that we have and the nature of the solutions we
should be seeking.

Our panel number II is going to include Dr. Homer Neal, who is
the Chairman of the Department of Physics, University of Michi-
gan, Ann Arbor; and Dr. Samuel Ward, who is the Department
Head, Professor of the Department of Molecular and Cellular Biol-
ogy, Professor of Ecology and Evolutionary Biology at the Universi-
ty of Arizona, Tucson, Arizona; Dr. Jack Lohmann, Associate Dean
of the College of Engineering, and Professor of Industrial and Sys-
tems Engineering of Georgia Institute of Technology—Georgia
Tech, is the way we think of them in the Southeast Conference—in
Atlanta Georgia; and Dr. Denice Denton, who is Associate Profes-
sor of the Department of Electrical and Computer Engineering,
University of Wisconsin, Madison, Wisconsin.

We will follow the same procedure as in the last panel. I will
ask, in each case, that your prepared testimony be submitted into
the record, verbatim, and ask each of you, if you will, to hit the
high points of that testimony so that we can go forward with the
questions.

Dr. Neal.

STATEMENT OF DR. HOMER A. NEAL, CHAIRMAN, DEPARTMENT
OF PHYSICS, UNIVERSITY OF MICHIGAN, ANN ARBOR, MICHIGAN

Dr. NeAL. Thank you very much, Mr. Chairman.

I'm, again, honored to have been asked to share with vou my
views on the state of undergraduate science education in this coun-
try.

In the report of our National Science Board Committee in 1986,
we found that there were indeed very serious problems of quality
in undergraduate science education, and we proposed a series of
corrective steps.

Many of these have been implemented, either directly or indi-
rectly, by the National Science Foundation, by other Federal agen-
cies, by private foundations, and by States and universities, and
there is evidence of considerable progress.

Other recommendations put forth in our report have yet to be
realized, and I would like to take this opportunity to direct atten-
tion to the fact that there proposals do retain, even today, a high
degree of currency, despite the remarkable world changes that
have taken place since the recommendations were made.

I believe I can best serve you today by reviewing a few of the
areas where progress has been made in undergraduate science edu-
cation over the past five years, highlighting some of our previous
recommendations that remain unimplemented, and sharing views
on what should be done in the years ahead.
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As a prelude to my remarks, though, I note that quite often
when one speaks of achieving balance between teaching and re-
search, one generates the mental image of the proverbial scale of
justice, with teaching on one side and research on the other. The
image causes some to immediately see a perceived resolution of the
problem of bhalance; namely, to simply move resources from one
side to the other. But unless considered with great care, such a ap-
proach can be counterproductive. There are at least two reasons
why this is so.

First, teaching and research are intimately connected. We are lit-
erally dealing with a living organism that will not necessarily be
more effective if we cut off one of its legs and give it an additional
arm. To carry the analogy one step further, I believe that it is im-
portant that we focus on the health of the entire organism.

Indeed, as many of the panelists before me have pointed out, re-
moving support from research at our colleges and universities—
even for the express reason of providing additional support for
teaching—may simply further detract from the quality of teaching,
as our faculty would then be forced to commit even more of their
time attempting to secure funds to permit them to carry out their
research.

In the area of condensed maiter physics, for example, new facul-
ty are already, on average, having to submit on the order of more
than a half-dozen proposals in order to acquire initial funding from
evern one proposal. It is in no one's best interest to reduce this suc-
cess rate even further.

One of the great success stories of this country has been its grad-
uate programs. They are the envy of the world. Students from
around the globe come here for advanced study, and graduate edu-
cation may be one of the Nation’s most important exports.

Our research and graduate programs are outstanding, but vul-
nerable, and we must be very careful not to destroy them in our
legitimate quest to improve undergraduate education.

The committee staff asked me to comment on whether deficien-
cies in the undergraduate programs at our majcr universities occur
because more attention is paid to research than tcaching, when im-
portant decisions are being made regarding tenure, promotion, and
the setting of salaries.

Indeed, research achievement is almost always the principal cri-
terion for judging the promise and stature of a faculty member at

_our major research universities, and I strongly believe that thi- is

as it should be.

American universities have as their critical mission the advance-
ment of knowledge, and they will continue to be effective in this
endeavor only if they accord the highest recognition to the creativi-
'lcy olf the human mind in attacking problems at the disciplinary
evel.

But teaching is also very important, and any institution that
does not take teaching effectiveness into account in evaluating and
rewarding faculty is failing to serve both its students and itself.

Most faculty enjoy teaching—and the opportunity to influence
the lives of bright young people is one of the reasons they chose to
work at a university, rather than in industry or at a national labo-

10
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ratory. A professor’s effectiveness in teaching should be taken into
account in all critical decisions affecting him or her.

The second reason why there is not a simple tradeoff between re-
search and teaching emerges when we attempt to quantify what we
mean when referring to the balance, or lack thereof, between re-
search and teaching.

Of the 2,500 or so colleges and universities granting the baccalau-
reate in the U.S., there are probably only 100 or so with research
enterprises so large that one might postulate that there is risk of
the teaching programs being compromised by the research. This
Er(l)iogl(')lgoinvolve 20,000 science faculty out of a total of almost

Moreover, roughly 90 percent of these faculty are probably ten-
ured and would not be directly affected by tenure and promotion
criteria.

Thus, we could be assessing conditions that might impact only
roughly one percent of the science teaching workforce— although
it's a very, very important one percent.

Regarding matters such as salary and other recognition, the pop-
ulation of affected science faculty is some fraction of 10 percent,
cne would guess, and this fraction, I believe, is declining since an
enormous number of major universities, my own included, are em-
barked on numerous projects to improve their undergraduate pro-
grams.

Sy, 1, for one, am somewhat reluctant to join in any condemna-
tion of our universities for ignoring undergraduate science educa-
tion in favor of research.

Indeed, I want to recall that it was at the Federal level that all
NSF undergraduate programs were wiped out less than a decade
ago. We are still trying to recover from the terrible impact of that
action.

None of these considerations, however, diminishes the need for
universities to be ever alert for ways to improve their undergradu-
ate teaching, including ways of involving undergraduate students
in ongoing research, efforts in updating curricula, and ways of
taking advantage of advances in instructional techniques.

Also, the remarks above are not meant to argue that there are
no problems in undergraduate science education. There are defi-
nitely problems, and we need to dedicate ourselves to finding the
proper solutions.

A few words about progi.ess at the NSF—the Research Experi-
ence for Undergraduates Program, initiated in 1987 by the Science
Foundation, has been very successful. This activity was strongly
suggested by our Board Committee, and the then-director of the
Science Foundation, Eric Bloch, moved to implement it even before
the work of our Committe: had been completed.

It has already touched che lives of the order of 14,000 bright un-
dergraduates across the country, and has given these students the
opportunity to work directly with faculty on current, ongoing re-
search programs.

It, I think, is a fine program. It makes a lot of sense. It is a way
of bringing these¢ students into direct contact with professors in
their professional home.

10,
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I ceriainly urge Congress to continue support for this program,
and even to take advantage of opportunities to strengthen it in the
years ahead.

The various curriculum development activities at the Foundation
are also achieving success. Two examples, as I've mentioned in my
written testimony, are the engineering curriculum and the calculus
curriculum.

I should point out that the USEME Office has been established
and seems to be functioning quite well. I understand that it now
receives more proposals than any other division in the National
Science Foundation.

It serves a very appropriate role as a coordinating focus for a
wide variety of undergraduate science education initiatives, and it
is impressive to realize that it’s only been in existence for a very
short period of time.

Nevertheless, I am concerned about the overall level of NSF ac-
tivity in the undergraduate sector. Our study called for a base
funding level for selected undergraduate initiatives, a supplement
of $100 million per year. From my review of what has been initiat-
ed at the NSF in connection with our report, only about half that
amount seems to have been provided.

We were very conservative in our estimates of the actual needs,
and I am not at all surprised that serious national problems in the
undergraduate science education are continuing, given the reduced
level of support.

Moreover, while addressing the issue of balance, I must admit to
being puzzled by the fact that of the education and human re-
sources budget, evidently less than 15 percent is oeing provided to
undergraduate activities.

It is very appropriate that we all be concerned about what is
happening at the school level, but we must not forget that under-
graduate education is a critical section of the talent pipeline—and
that it even ultimately influences our ability to deal with issues at
the pre-college level.

Mr. Chairman, in my notes, I have a few paragraphs discussing a
new initiative—the suggestion that there be created a series of na-
tional centers for undergraduate science education. But in the in-
terest of time, I will skip that and perhaps return to it in the—

Mr. THorNTON. Of course, the Visiting Fellow Program is a part
of that initiative.

th:). NEeAL. Yes, that's right. Would you like me to comment on
that?

Mr. THorNTON. Yes, please, go ahead.

Dr. NeaL. Under proposed new initiatives, I am suggesting that
the Foundation and Congress consider the creation of a few nation-
al centers focused on addressing well-defined issues in undergradu-
ate science education.

I was a member of the NSF Physics Advisory Panel, many, many
years ago, when we were considering the creation of the Santa Bar-
bara Institute for Theoretical Physics. Later, I was a member of
the National Science Board when we had the opportunity—the re-
guirement—to review that entity after five years.

I have been impressed by what can happen when a dedicated
unit is created to look at a general area of intellectual concern.
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This has led me and several of my colleagues at Michigan to the
conclusion that the NSF or other agencies should establish a series
of national centers in the U.S. devoted to undergraduate science
education. :

The centers should have as their central core a visiting fellow
program—just like the Santa Berbara institute— where outstand-
ing scientists and educators spend a year in residence at the host
institution, carrying out their work, organizing workshops, follow-
ing up on the outcomes, disseminating resuits, and esting i-leas for
their general applicability.

We believe that only in such intense settings can new directions
in undergraduate science education emerge and then be immedi-
ately ckallenged and honed by the most talented and interested
scholars in this area.

Other advantages of such a program—ones that are especially
appropriate to the hearing today—are the signals given both to the
local institution and around the country that undergraduate educa-
tion is important—even important enough to justify having small
groups of the best minds in the country to set aside dedicated time
to plan the needed initiatives.

Being selected as a fellow at one of these centers could be a dis-
tinct honor, giving the individual auded stature at his or her home
institution.

We've learned over the decades that strategies of this type do
work in the research arena. There is absolutely no reason why they
should not be tried in science education.

Indeed, while paying full respect to the important contributions
of our colleagues in education, I need to note that one of our short-
comings in undergraduate science education is the failure to create
sufficiently attractive possibilities to entice our very best scieutists
to devote their attention to science education issues. in the proper
environment, they would be happy to do so.

Given these considerations, my recommendation is that the next
wave of initiatives in undergraduate science education should in-
clude centers designed to provide an institutional framework for at-
tacking the front-line problems in science education.

I should also note that our study called for the creation of a ~ro-
gram within the NSF to support comprehensive, multi- discipline,
curriculum development projects. This remains, in my opinion, an-
other important area for consideration as the Foundation’s under-
graduate programs evolve.

Thank you, Mr. Chairman, for the opportunity to share these
views with you.

[The prepared statement of Dr. Neal follows:]
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TESTIMONY PRESENTED TO THE
U.S. I1IOUSE OF REPRESENTATIVES

COMMITTEE ON SCIENCE, SPACE, AND TECHNOLOGY

HEARING ON THE QUALITY OF UNDERGRADUATE SCIENCE EDUCATION;

ACHIEVING A BALANCE BETWEEN TEACHING AND RESEARCH

March 31, 1992

by

Tlomer A. Neal
Department of Physics
University of Michigan
Ann Arbor, Michigan

Mr., Chairman and members of the Subcommittee on Science, [ am again honored to have been asked
to share with you my views on the state of undergraduate science education in this country.

[n the report of our National Scienee Board Committee in 1986, we found that there were indeed serious
problems of quality in undergraduatc science education and we p-oposcd a scries of corrective steps.
Many of these have been implemented. either directly or indirectly, by the Foundation, by other federal
ageneies, by private foundations, and by States and universitics, and there is evidence of considerable
progress, Other recommendations put forth in our report have yet to be realized, and I want to take this
oppertunity to direct attention to the fact that thesc proposals retain a high degree of currency, despite
the remarkable world changes that have taken place since the recommendations were made.

[ believe | can serve you best today by reviewing those areas where progress has been made in
undergraduate science education over the past five years, highlighting our previous recommendations
that are yet to be implementcd, and sharing vie'v's on what should be done in the years ahcad.

As a prelude to my remarks, 1 note that quite often when one speaks of achicving balance between
tcaching and research onc generates the mental image of the praverbial scale of justice, with tcaching
onone side and rescarchon the other. The image causes some toimmediately sce a perccived resolution
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to the problem of balance, nanicly, to simply move resources from one side to the other. Unless
considered with great care, such an approach can be counterproductive. There are at least two reasons
why this is so. First, teaching and rescarch are intimately coupled. We are literally dealing with a living
organism that will not necessarily be more effective if we cut offone of its legs and give it an additional
arm. To carry the analogy one step further, 1 believe it is important that we focus more on the health of
the entirc organism.

Indeed, removing support from research at our colleges and universitics -- even for the reason of
providing additional support for teaching - may simply further detract from the quality of teaching, as
our faculty are forced to commit even more of their titne attempting to secure funds to permit them to
carry out their research. In the area of condensed matter physics, for example, new faculty are already,
on average, having to submit more than a haif-dozen proposals in order to acquire initial funding from
one. Itisin no one's best interest to reduce this suceess rate even further.

One of the great suceess stories of this country has been its graduate programs. They are the envy of the
world. Students from around the globe come here for advanced study, and graduate education may be
one of our nation'’s most important exports. Our rescarch and graduate programs are outstanding, but
vulnerable, and we must be very careful not to destroy them in our legitimate quest to improve
undergraduate education.

The Committee staff has asked mie to comment on whether deficiencies in the undergraduate programs
at our major universities occur because more atiention is paid to research than tcaching, when important
decisions are made regarding tenure, promotion and salary. Indeed, research achievement is almost
always the principal criterion for judging the promise and stature of a faculty member at our major
rescarch universitics -- and I strongly believe thisis as it should be. American universities have as their
critical mission the advancement of knowledye, and they will continue to be effective in this endeavor

only if they accord the highest recognition to the creativity of the human mind in attacking problems at
the disciplinary level. But teaching is also very important, and any institution that does not take teaching
cffectiveness into account in cvaluating and rewarding faculty is failing to serve both its students and
itself. Most faculty cnjoy teaching -- and the opportunity to influence the lives of bright young pcopl:-
is onc of the reasons they chose to work at a university, rather than a national laboratory or in industry.
A professor's effectivencss in teaching should be taken into account in all critical decisions affecting
him or her.

The second reason why there is not a simple tradeolf between research and teaching emerges when we
attempt to quantify what we mean by balance, or lack thereof, when referring ta rescarch and teaching.
Of'the 2500 or so colleges and universities in the U.S., there are probably only about 100 with rescarch
enterprises so largethat thereis a reasonablerisk of theirteaching programs being compromised by them.
This might involve roughly 20,000 science faculty out of a total of almost 200,000. Morcover, roughly
90% of these faculty are probably tenured and would not be affected directly by tenure and promotion
criteria. Thus, we are assessing conditions that might impact approximately 1% of the seience teaching
workforce -- albeit a very, very important 1%. Kegarding matters such as salary and other recognition,
the population of affected science faculty is some fraction of roughly 10%, and this fraction | belicve
is declining since an cnormous number of our major universitics, my own included, are ecmbarked on
numerous projects to improve their undergraduate programs. So | am very reluctant to join in mass
condemnation of our universities for ignoring undergraduate science cducation in favor of rescarch.
Indeed, | want to recall that it was at the federal level that all NSF undergraduate programs were wiped
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out less than a decade ago. We are still trying to recover from the terrible impact of that action.

Nonc of these considerations, however, diminishes the need for universtties to be ever alert for ways
to improve theirundergraduate teaching, including waysof involving undergraduate students inongoing
research, efforts in updating curricula, and ways of taking advantage of advances in instructional
techniques. Also, theremnarks above are notimeant to argue that there are no problems in undergraduate
science cducation, There are definitely problems and we need to dedicate ourselves to finding the proper
solutions,

Progress at the NSF:

The Research Experience for Undergraduates Prograny, initiated by the NSF in 1987, has been very
successful. This activity was strongly suggested by our Board Committee, and Dircctor Bloch mov :d
to implement it even before the work of our Committee had been completed. It has atready touched the
lives of over 14,000 bright undergraduates across the country, and has given these students the
opportunity towork direetly with faculty on current, engoing research programs, [tis, asinmany of these
matters, difficult to say how many new sciensists we will bave 10 to 15 years from now asa resuit of this
program, But it makes just 5o much sense that we take this extra step in bringing students together with
facully in the faculty member’s professional hume, This program isanother example of why the tradeoff
between rescarch and teaching is not a simple one. | urge Congress and the NSF to continue to support
the REU program, and to take advantage of opportunities to strengthen it based an what islearned as the
prograin is continually reassessed,

The various curticulutn development activities at the Foundation are also achieving success. A

nationwide marshalling of attention on the need to vevise the calculus curriculuin and the engiineering
curriculum are two examnples of where a muodest leadership effort by the Foundation has had an impact
on the entire country. Moreover, in just the past year we have seen the introduction of a broad-based
course and curriculum development pragram at the Foundation,

The USEME Office recommended by our Commitice has been established and is fully functional. 1
understand that it now receives more propusals thanany other Divigion inthe Foundation. It servesavery
critical role for a wide variety of undergraduate science education initiatives,

Nevertheless, | am concerned about the overall Tesel of NSF activity in the undergraduate sector, Our
National Science Board Study called for a base funding level for sclected undergraduate initiatives of
$100 million per year. Fron my review of what has been initiated at the NSF in conncction with our
report, only about half of that amourt has been provided. We were very conservative in our estimates
of the actual needs, and 1 am not at all surprised that serious national probiems in undergraduate seience
cducation arce continuing, given the reduced level of support. Morcover, while addressing the issue of
balance, lnust admitto being puzzled by the fact that of the EHR budget evidently less than 15% isbeing
provided to undergraduate activities. It is mwost appropriate that we all be concemed about what is
occurring at the school level, but we must not forget that undergraduate cducation is a critical scetion
of the proverbial talent pipeline -« and that it even ultimately influences our ability to deal with issues
at the pre-eollege level,
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Proposed New Injtiatives

An zrea where I believe more activity 1sneeded is inthe establishment of a few national centers focussed
on addressing well-defined issucs in undergraduate seience education, As amember of the NSF Physics
Advisory Panel during the days wlhen the cieation of the Santa Barbara Institute for Theoretical Physics
was under discussion, and as a member of the National Science Board when the five-year review of that
entity took place, I have been impressed by what can happen when a dedicated unit is created to look
at a general arca of intellectual concern. This lias led me and several of my colleagues to the conclusion
that the NSF or other agencies should establish a series of national centers in the U.S. devoted to
undergraduate science education.

The centers should have as their central core avisiting fellow program, where outstanding scientists and
cducatorsspend a year in residence atthe hostinstitution, canying out their work, organizing workshops,
following up on the outcomes, disseminating results, and testingideas for their general applicabitity. We
believe that only in such intense settings can aew ditections in undergraduate science education emerge
and be quickly challenged and honed by the most talented and interested scholars in this arca, Other
advantages of'such a program -- onesthataie especially appropriate to the hearing today -- are the signals
given bothatthelocal instiwtion and avound the country ithatundergraduate educationis important, even
important enough to justify having sinall groups of the best minds in the country to set aside dedicated
time to plan the needed initiatives. Being selected asa fellow atone of these centers could be a distinet
honor, giving the individual added stature at his ur her bome institution, Nationally, a major cause for
the lack of effort put into undergraduate science teaclung is the lack of recognition and respeet given to
the teachers by the *‘system®. Activities that irerease recopnition and respect should be taken very
scriously,

We have lcarned over the decades that stateyaes ot this type do work in the research arena. There is
absolutely no reason why they should not be thied in science edueation, Indeed, while paying full respect
to the important contributions of our colleagues in edueatton, 1 note that one of our shortcomings in
undergraduate science education is the failure to create sufficiently attractive possibilities to also entice
our very best scientists to devote their attention to scienee ¢ducation issues, In the proper environment,
many would be eager to participate.

Given these considerations, my recommendation is that the next wave of initiatives in undergraduate
science education should include centers designed to provide an institutional framework for attacking
the front-line problems in science edueation

I should also note that our study call=d for the creation of a program within the NSF to support
comprehensive, multi-discipline, curriculur developmient projects, This remains, in my opinion,
another impertant area of consideration . the Foundation's undergraduate programs evolve,

Thank you for the opportunity to share these views with you.
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Mr. THorNTON. Thank you, Dr. Neal.

We will next hear from Dr. Samuel Ward. Your paper, together
with a lot of very good supporting data, will be made a part of the
record, and I would appreciate your summarizing or highlighting
that presentation tc us.

Dr. Ward.

STATEMENT OF DR. SAMUEL WARD, PROFESSOR AND DEPART-
MENT HEAD, DEPARTMENT OF MOLECULAR AND CELLULAR
BIOLOGY, AND PROFESSOR OF ECOLOGY AND EVOLUTIONARY
BIOLOGY, UNIVERSITY OF ARIZONA, TUCSON, ARIZONA

Dr. Wagb. Thank you very much, Mr. Chairman.

I represent the University of Arizona. That’s in Tucson, not in
Tempe. We are the land grant institution in Arizona and, there-
fore, serve the wide range of responsibilities for both service and
education that land grant institutions do.

I would also like, off the record, please, to express my condo-
lences to the Chairman for the performance of another side of our
university's two basketball teams which are not with us in the
Final Four, as opposed to my neighbor to the left.

Mr. THoORNTON. Yes, I regret that that has happened. It just
shows that you can't always win.

Dr. Warp. It's because we're investing all our efforts in training
undergraduates in science at the Universitly of Arizona.

Mr. THORNTON. Our efforts are in academia, yes.

Dr. Wagp. I would like to focus on biology education at the uni-
versity and a number of programs that we've initiated that I be-
lieve address a number of these questions.

I should point out that I come as a newcomer as a department
head for just a few years, and have been learning and listening
with interest to the previous speakers about their longer ranges of
experience.

But we've started with a program to attempt a balanced teaching
and research by really trying to argue that that distinction ought
to be irrelevant.

The research and teaching arc really two sides of the same coin,
as our new president at the University of Arizona, Manuel Pa-
checo, has said, in that proper teaching should, in fact, involve the
doing, the hands-on process of science, and therefore, should inter-
act with research.

Therefore, the fact that we conduct this debate shows really how
poor our teaching has been, that we simply have to say that we
aren’t trying to separate these two.

So, what we've done at the university, as so many universities—
and you've heard elsewhere—is to try and expand the opportuni-
ties for undergraduates to do individual research in laboratories.

We've done that in a coordinated program that now has expand-
ed across the campus to include more than 165 faculty in biology,
in 26 different departments, representing six different colleges.

In this program, students can apply and begin working the
summer as early as their freshman year. We also accept students—
not just biology majors—but students from other disciplines as
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well, with the realization that part of, I think, our largest failing in
science education is to educate the non-scientigts.

What we've discovered in three years now with this program, is
it's had an enormcus impact on the students and, in fact, on the
faculty and, to our somewhat surprise, actually on the university
as a whole.

Because what we've done is achieved, at least to a certain extent,
one of the things that Dr. Pister commented about. This program
has actually created a sense of community across the campus that
spans the colleges of agriculture and medicine, for example.

It’s gotten faculty in the college of medicine, who normally have
no formal responsibilities for undergraduate education, to be inter-
ested in these students and discover that there is an extraordinary
collection of studunts at a big state university like Arizona that has
28,000 undergraduates.

What we discovered, as many have known before, is that a re-
search lab is an extraordinarily educational opportunity. A student
can come into a laboratory that consists of graduate students, post-
doctoral fellows, technicians, other faculty, other students, and
work together as a team, both to learn how they can contribute,
and also achieve the benefit of a mentoring environment with a lot
of roles and people to support them.

We found our program includes participation of more than half
women, 18 percent minority students. These students have benefit-
ted enormously, because one of the reasons that they drop out of
science so rapidly, is that they don't have the encouragement—that
they, in fact, have the ability to do it, but they don’t have the self-
confidence.

In a laboratory like this, we can really increase the number of
these students, and that’s had a very large impact. It changed the
career paths of a large number of these students.

So I think this is one of the special opportunities that a large re-
search university can offer to its undergraduate program that
raally is distinctive.

If you ask, then, what do the faculty gain from this? Why do the
faculty participate? That gets back to this issue of academic re-
wards. We've talked at great lengths from the previous panels
about the disbalance of rewards in teaching and research.

Here, again, the faculty, we estimate, are contributing more than
$10,000 hours to this program, as direct instruction to these under-
graduates. They do this, partly, because this is science teaching as
they like, it's hands-on, they can work directly with the students.

The students themselves are excited. They are uright. They are
energetic. They are fun. They ask all those questions that the rest
of us are too smart to know to ask. They didn’t know they weren't
supposed to ask those questions. So, that’s had enormous benefit.

But we have a difficult problem rewarding this academically.
This comes back to the question that all of us struggled with,
which is how do you evaluate this teaching? How do you compare
the teaching that a faculty member does with two or three stu-
dents in their laboratory to a faculty member who gives the intro-
ductory biology lecture to 500 students?

We have a State legislature and Board of Regents that looks
hard at student credit hcurs. To them, the faculty member teach-
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ing 500 students in a classroom is 500 times more valuable than
teaching one student in your laboratory, when to that one student,
you may change their whole career.

So I think we have a difficult time deciding how to evaluate that
diversity of teaching activities that we would like to encourage at a
large university.

Second, I think the other barrier to establishing this effectively,
which has been addressed by many of the previous speakers, is the
differ}(:nce between the extrinsic rewards of teaching and of re-
search.

Research is recognized nationally, internationally. It brings you
money. It brings you prestige. It brings you invitations to interna-
tional meetings in nice places around the country.

Teaching, on the other hand, is normally recognized only on a
local level. I think, on an optimistic note, that’s what is changing
rapidly. .

The investment that you have encouraged in the National Sci-
ence Foundation—to support teaching, to support innovative teach-
ing, to recognize teaching by grant support— is having a huge
impact directly on teaching.

But it's having a larger impact on changing the value system of
the academics to where people can recognize that.

In biology, we have another enormous advantage that the
Howard Hughes Medical Institute has made a large investment in
biology instruction.

Over the past four years, they've invested $173 million in biology
instruction, in colleges of all kinds throughout the country.

That'’s, of course, had a direct impact on teaching. We've devel-
oped, and our program is, in part, funded by that. We have devel-
oped a number outreach programs to high schools and elementary
schools, using those funds as well.

But even more so, the Howard Hughes Institute, because of its
history of supporting the most prestigious research in molecular bi-
ology and genetics—when the Howard Hughes Institute says that
it's okay to teach, and we’ll support you to do it, it has also
changed the value system of the research community.

That’s also happening by the professional societies. That’s also
happening in the National Academy of Sciences. The National Re-
search Council has sp.- isored a number of really excellent stud-
ies—one on biology education called, ‘Fulfilling the Promise"
which has served as a model for biology education at all levels and,
in part, because it blames everybody equally.

The teachers are at fault. The schools of education are at fault.
The textbook manufacturer is at fault. But most at fault are the
professional scientists, because we have ignored the problem of
high school and K-12 education.

Many of us are changing this, partly as a result of that study of
the National Research Council funding an additional council to in-
vestigate the most effective mechanisms to improve biology high
school teaching.

I'm Chairman of that Netional Research Council committee,
which is investigating programs all over the country to find those
that work, and choose those and recommend how professional sci-
entists and the rest of us can help improve science teaching, not

liy
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just to the pre-service level, but at the large number of teachers
who are already out there, that need an enormous amount of help.

So, Y think all these activities can be effectively integrated at a
university, and I think our value system really is changing to
reward these kinds of things.

The recommendations that I would make to this council is that
we encourage all the agencies to require educational components to
their research grants.

One of the conclusions of the PYI study and others is that by
separating these two and the way they are funded, it has helped
perpetuate this artificial distinction.

The kinds of programs like the REU grants, the programs that
NIH has put in, where it's easy to get supplements to encourage
undergraduates in your labs—these are all extremely effective and,
therefore, tie the two activities together.

Second, we obviously need more grants for direct, innovative sci-
ence education that provide the support and recognition for this ac-
tivity. But we also have to be careful, because there has been a
large tendency to support innovative things and then not develop
the mechanisms to institutionalize these.

Science education has an enormous sense of amnesia. We're very
good at inventing wheels over and over again, and not very good at
ever attaching them to the wagons.

So, I think it is not just to fund innovation. We have to develop
institutional mechanisms to insure the things that went on before.

Our undergraduate research program is no different than one
that has gone on in many, many years at all research universities.
By codifying and expanding and spreading it around the campus,
it's had a big effect. But we know how to do that. What we need
are ways to institutionalize and support more of those.

Then, finally, of course, this committee and the fact that this
panel is being held reflects the importance that our continuing at-
tention to the education, both in public and in the legislature—the
importance of science education—this cannot be overemphasized.

Thank you.

[The prepared statement of Dr. Ward follows:]
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Research and Teaching in the Biological Sciences

Statement before the Subcommittee on Science of the U.S. House of Representatives
Committee on Science, Space and Technology

Samuel Ward, PhD
Professor and Head of the Department of Molecular and Cellular Biology and
Professor of Ecology and Evolutonary Biology
University of Arizona, Tucson, Arizona

We share in the nationwide opinion Liat undecgraduate education has not always received
the priority that it deserves, and ihat the time has come to restore a better balance.
Unfonunately, but inevitably, the discussion alrcady has included suggestions that there is
a choice between research and teaching, To my mind, nothing could be further from the
truth. Rescarch and teaching are two sides of the same coin. Research is a form of
personal learning for the researcher, seif-icaching if you like. More than that, in my
cxpericnce active involvement in research represents one of the best possible guarantees of
lively, up-to-date teaching. . . .Rescarch versus teaching is a non-issuc. Both must be
donc equally well and. in strengthening our rescarch, we devclop the ability to also
strengthen our teaching programs,
Dr. Manuel Pacheco, President of the University of Arizona

The proper balance between teaching and research at universites has been debated since the
establishment of the first research universites in this country at the end of the last century.
The issues are clearly laid out in the Committee’s memorandum from Representative
Boucher so I will not repeat them here. What I will do is describe some of the programs
we have initiated at the University of Arizona to improve biology education at all
educatonal levels by combining research and teaching.

Our philosophy is indicated by the quotation above from a speech Dr. Manuel Pacheco,
President of the University of Arizona, delivered at our annual Undergraduate Biology
Research Symposium this year. We believe that research and teaching are inseparable so
that the discovery and dissemination of knowledge go hand in hand. At the University of
Arizona, my colleagues and 1 have focused on attracting students into the biological
sciences by providing opportunities for independent research in faculty laboratories. It is
our conviction that actually doing science, rather than simply reading or listening about
science, is the best way to leam science. A research university should enable as many
undergraduate students as possible to work in research laboratories. Enterprising students
have always found ways to get into research laboratories, and this has been encouraged at
many universities. What we have done is establish a campus-wide program to facilitate
participation by as many students as possible.

University of Arizona Undergraduate Biology Research Program

At the initiative of depantment head Michael Wells, the Department of Biochemistry began a
formal undergraduate research program in the summer of 1988 with 19 students in 13
faculty labs. Under the energetic leadership of program coordinator Carol Bender, and
aided partly by educational grants from the Howard Hughes Medical Insttute, the Nadonal
Science Foundation and others, and mostly from Federally funded faculty research grants,
we have expanded this Undergraduate Biology Research Program (UBRP) to support 113
students during the summer and 75 during the school year (see figure).
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Undergraduate Biology Research Program Growth
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These students can choose sponsors from among 165 participating faculty. More than half
these students are women and 18% are minorities. Both the faculty and student support for
this program has been overwhelmingly enthusiastic, and many students have altered their
career goals as aresult of their experience.

Several distinctive features of our program contribute to its success. First, participation is
restricted tc University of Arizona undergraduates, except as described below. This provides
program continuity and develops enthusiasm for the program on campus. Second, all

students are paid for their work (currently $5.40-5.75/hour). This is essential for many of
the students who must earn money for college expenses. Third, faculty sponsors must match
program grant support by paying Lalf the student’s wages and all supply costs. This ensures
that students are working in active labs with grant support, guarantees faculty commitment to
the student, and leverages our educational grant money to support more students. Fourth,
we recruit students early with a simple application process so that nearly a quarter of our
students begin in the summer of their freshman year. This exposes students to the excitement
of biology research early. We have found that with guidance, these inexperienced students
can make significant contributions in the lab. Fifth, students take an active role in finding a
lab by interviewing prospective faculty sponsors themselves. This ensures a match of
interest and personalities and conveys a sense of responsibility to the students. Sixth, we
define biology broadly so faculty from 26 different departments participate, including those
from the Colleges of Arts and Science, Medicine, Agriculture, and Pharmacy, and the School
of Health Related Professions. This gives students a wide array of research opportunities
and gives us a large and growing pool of faculty sponsors.

Based on both student and faculty evaluations, we believe that one of the most important
reasons for the impact of this program on the students involved is the intellectual and
educational atmosphere of an effective research group. By being part of a team of faculty,
graduate students, postdoctoral fellows, technicians and other students, undergraduates learn
from a variety of individuals who share their own research experiences and serve as role
models and mentors. This mentoring, particularly at a large, impersonal, state university, is
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important to their scientific success, particularly for minority students and women, who often
lack the initiai self confidence 1o succeed in science on their own.

In addidon to the individual lubore*- - experience, UBRP sponsors informal seminars during
the summer, a monthly newsleuer, an undergraduate colloquium series with outside
speakers, and an annual research conference with student posters. This conference generates
great excitement among the students and outstanding participation. It would be difficult to
distinguish the qualitv “their presentations from those at a professional scientific meeting.
The program also p.ovides travel funds for students to present their work at professional
meetings. UBRP students have contributed posters or presentations at 51 professional
meetings, and they have co-authored 37 scientific publications based on their own research.

Since the inception of this program, we have learned that students with a wide range of
backgrounds can benefit. Therefore, we have expanded participation by including high
schocl students, high school teachers and Native American students from other institutions,
primarily Navajo Community College. Many of these students have been productive, and the
teachers particularly have benefitied. :

The UBRP has had several unexpected outcomes. When the undergraduates in the UBRP
heard about our outreach programs to schools and teachers, they themselves formed Science
Connection. This is a program for undergraduates to visit elementary and secondary schools
to teach science. Their excitement has been infectious to younger students, and we now have
an overwhelming demand from teachers for undergraduate student help. The undergraduates
have learned the rewards and the challenges of teaching (they come back exhausted after only
part of a day in an elementary school classroom), and some of them are thinking about
teaching careers, an option most had not previously considered.

In addition to benefitting the students and faculty directly involved, the UBRP has had a
significant impact on the University as a whole. It has created interest in undergraduate
cducation among faculty who normally have no contact with undergraduates, such as

faculty in the Collzge of Medicine. It has served as a model for how research faculty
should participate in undergraduate teaching, cooling the semetimes heated discussion on
campus of research versus teaching. This program was highlighted as a “Science Role
Model™ in Science (24 January, 1992).

How can we foster more programs of this type and how else can we utilize the special
resources of a research university 10 improve science education? To answer these
questions. we must address the relationship between academic rewards and science
teaching,.

tcademic Rewards and Science Teaching

Harvard University’s former president, Derck Bok, entitled his 1989 report to Harvard's
Board of Overseers “What's Wrong with Our Universities?” (Harvard Magazine, May-
June 1990). In a section entitled “The Behavior of Faculty”, he points out that:

A serious attempt to balance the legitimate claims of teaching and research
must begin by understanding sornething of the incentives that inspire cach
type of activity. Both pursuits hold great intrinsic interest, just as both can
entail much drudgery and frustration. [n contrast, the extrinsic incentives
and rewards are almost alwiys more powerful for research than they arc fo
teaching.
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President Bok goes on to describe the external re wards of financial support, recognition,
and visibility outside the university that research conveys. Tn contrast, teaching is usually
rewarded only internally. It follows from this analysis that to tip the balance toward the
legitimate claims of teaching, a university must increase its internal rewards for teaching.
But to truly redress the balance, the external rewards must be increased as well. How can
this be accomplished?

Internal rewards

Internally, the university administration from the president to department heads must
establish clear expectations for both quantity and quality of teaching, set good examples,
and reward excellent teaching with promotion, salary increases and recognition. This
requires an adequate system for teaching evaluation that includes student evaluations for
presentation, clarity and student concern, peer evaluations of content and organization, and
longer term evaluations of overall effectiveness from departmental assessment by
graduating seniors and eventually alumni follow-up.

This evaluation 1s both difficult and time-censuming. The data are often hard to interpret
and use fairly because there are multiple goals in science teaching. How do you evaluate a
faculty member who presents a difficult, thought-provoking course that discourages half
the students, but inspires a few to choose a career in biology? How do you compare the
teacher who is effective in a large, introductory classroom with one who inspires a2 small
number of students doing research in her laboratory? I believe the answer is flexibility in
evaluation and recognition that faculty with different styles will reach different students.
The department must be allowed to find the most effective teaching environment for each
faculty. The late Richard Feynman, Nobél laureate physicist, taught freshman physics at
Cal Tech for many years arnd stimulated a whole generation with his famous texts, The
Feynman Lectures in Physics. Feynman varied his tcaching style periodically from
authoritative to exploratory. He observed that either way he taught he inspired a subset of
his class, but it was a diiferent subset each time.

I have found that there can be significant administrative barriers to promoting and
rewarding a varicty of teaching styles in a public research university. The legislature and
Board of Regents evaluate teaching by the all important Student Credit Hour (SCH). Thus,
giving an hour lecture to 500 freshman students is 500 times as valuable in SCHs as an
hour spent instructing an individual undergraduate on how to run a DNA sequencing gel in
vour laboratory. This may nmike sense in some nasrow concept of faculty efficiency, but it
is the same hour out of 4 faculty member's day. As our Undergraduate Biology Rescarch
Program has shown, the laboratory experience has a major impact on students, but does
involve a major investment of time and resources.

Extrinsic rewards

How can one increase the extrinsic rewards of undergraduate teaching? This is more
difficult, but is being done in several ways. First, the significant increase in NSF funding
for science education is having an immediate impact. The ability to obtain outside grants
for teaching as well as research, besides directly supporting improved teaching,
immediately elevates the prestige and reward of teaching and gets the attention of university
administrators. For example, one of my department’s tenured faculty recently decided to
abandon his continuously funded rescarch program to concentrate fully on teaching and
developing multimedia instructional materials. 1 encouraged him to do so and pointed out
that he could now attract even more grant funding than he could before. He is one of three
tenured research faculty who revised our introductory biology course to make it serve all
the biology programs on campus. They also crcated a new computer assisted Biology
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Learning Center to support the students and introduced multimedia instruction. The
enrollment in this course increased from 200 to 1100 in three years and together with
UBRP has led to a nearly 20% increase in biology majors each year. They have given
presentations at several of the growing number of national meetings on science teaching,
thus achieving national rezognition that had previously been largely confined to research.

Another significant impact on the extrinsic rewards of teaching in biology has been the
Howard Hughes Medical Institute’s investment in biology instruction. With the committed
support of President Purnell Choppin, the Hughes Institute has invested $173 m  ‘on in
biology instruction over the past four years. Their grants have gone to institution.. of all
kinds that have a record of preparing students for graduate or medical schools, including
small private liberal arts schools, predominantly minority institutions, large urban
commuter schools and research universities. The direct impact again has been immediate.
The expansion of our UBRP at Arizona, as well as additional programs for schools and
teachers, have been facilitated by a large Hughes grant, for which I am the principal
investigator. But the indirect impact may be even greater. Because the Howard Hughes
Medical Institute has such stature and prestige for its record of supporting outstanding
research, the fact that this same listitute is now making a major investment in education
immediately increases the prestige, hence extrinsic reward, for bioclogy teaching. When the
Howard Hughes Medical Institute says it is important to care about teaching, the best
rescarchers listen and act.

A third source of inereasing extrinsic recognition for teaching comes from the professional
societies. Although all professional societies have education as one of their goals, in the
biological sciences particularly those goals are receiving increased attention. The American
Society for Cell Biology is now featuring symposia and workshops on teaching at its
national meetings and is featuring the educational activities, particularly in secondary and
elementary education, in its newsletters.

Another growing influence on the importance of teaching is the National Academy of
Sciences through the National Rescarch Council. They have prepared several outstanding

reports on science education. In the biological sciences, the NRC report Fulfilling the
Promise: Biology Education in the Nation's Schools has served as a call to arms for
professional biologists to help fix the somry state of biology education. The central mussage
is that biologists have to take the leadership to improve education. [ have circulated copies
to all my fellow department heads at Arizona and keep a pile in my office to pass on to the
unconverted, sometimes feeling like a trenchcoated street hawker selling gold watches.
Following one of the recommendations of this report, [ am now chairing a second NRC
conminittee, the Commiitee on Biology Teacher Inservice Programs, to investigate and make
direct recommendations to agencies, schoois and universities for the best ways to help
current biology teachers improve their teaching.

Personal Experiences

Finally, in response to the Science Subcommittee’s request, I will describe some of my
own expericnces balancing teaching and research. My undergraduate education at
Princeton, where every student has to do a senior thesis, certainly shaped my view of the
importance of independent research to learning science. Since entering graduate schoot, |
have always done both teaching snd research because I love teaching and feel strongly that
not only does research experience contribute to teaching, but teaching contributes to
research. Onc of the dangers of the excitement of molecular biology and genetic
engincering is that it is too casy. It is too casy to get lost in the minutia of the sequencing
and cloning of your favorite gene and forget the organism that the gene helps buiid.
Teaching makes you look up from your laboratory bench and see biology from a broader




[€)

ERIC

PAruext provided by ERIC

114

perspective to discover connectior  ‘ween the details. 1 have also found teaching a good
way to learn new subjects. | was greatly influenced at Cal Tech by the late Max Delbruck,
Nobel laureate in Physiology and Medicine. Max had a course listed in the catalog as
Biophysics, but we all knew the course was really “What Max wants to learn this year.” It
was an important educational experience to have a Nobel laureate stand up in class and
reveal how he thinks, especially when he would begin a class with a complex derivation,
look at the board then the class, and say “I don’t understand this. Class is dismissed, I'll
figure it out by next week.” Some would fault him for being “unprepared” but this misses
the point of science education: it is to learn how to think.

As an assistant professor at Harvard Medical School teaching first year medical students,
one did not need any defined intrinsic or extrinsic rewards imposed for teaching. Just
stand at the bottom of one of the steep amphitheater lecture halls looking up a class of
demanding students and critical faculty twenty five feet above you, and see what happens
when you give a bad lecture. Idid that once and lcarned.

The Department of Embryology of the Camnegie Insritution of Washington, where I moved
from Harvard, is a research institute free of the university’s schizophrenia between teaching
and research, While there I held a joint appointment in the Department of Biology at Johns
Hopkins and did substandal undergraduate and graduate teaching. Frankly, I was intrigued
to discover when in their education the Harvard medical students I had taught had lost their
curiosity and become mechanical learners. Unfortunately, I discovered it was while they
were undergraduates.

That experience and the recognition of the dreadful state of science education in this country
helped me decide after 11 years in an idyllic research environment that I had to do more for
ceducation. 1accepted the position as hee of a university-wide depaniment at the University
of Arizona because I wanted to sce if we could provide an outstanding science education
for a body of students that represents the diversity of our country. As I have described
above, I believe we are making progress toward that goal.

I believe there are a number of actions that the Committee on Science and Technology can
take to help improve science education.

Recommendations

* Support programs in the NSF, other Federal agencies, and particularly in industry that
encourage the participation of undergraduate students, science teachers and sclected high
school students to do independent research in research laboratories. One effective
mechanism to do this is to ensure that educational supplements for student support are
available on all research grants as is being done at NSF and NiH.

* Increase the number of grant programs from all the Federal agencies that support
innovative and cffective science teaching. This wiil not only support good teaching but will
provide external reward and recognition for teaching.

* Encourage mechanisms to institutionalize effective teaching programs. Science education
suffers badly from amnesia; programs that have worked in the past are often forgotten in
favor of innovations.

+ Continue to recegnize and publicize the importance of science education throughout our
society.
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Mr. THoRNTON. I want to thank you for your splendid summary
and for the paper. I was very impressed with your written testimo-
ny’s anecdotal example of the influence that Max Delbrucok, now
deceased, Nob:l laureate, had on you in a course which was la-
belled ““Biophysics,” but which you say was really what Max wants
us to learn, or what Max wants to learn this year, himself, and
that he’d put a complicated derivation on the wall, and step back
and look at it and say, “l don’'t understand what this means. Class
{)s dlismissed, but next week, I'll have it figured out, so you all come

ack.”

And the excitement of that, to me, is what it says to the student
about the process of learning and about the discovery that’s in-
volved.

Your testimeny is very good, Dr. Ward.

Dr. Lohmann, I'm looking forward to receiving your written
paper, and including it in the record. We'd appreciate your summa-
ry of that paper.

STATEMENT OF DR. JACK R. LYHMANN, ASSOCIATE DEAN, COL-
LEGE OF ENGINEERING, AND PROFESSOR OF INDUSTRIAL AND
SYSTEMS ENGINEERING, GEORGIA INSTITUTE OF TECHNOLO-
GY, ATLANTA, GEORGIA

Dr. LoumaNN. Thank you, Mr. Chairman.
It is a pleasure and indeed an honor to be here today to share
with you my thoughts and experiences in undergraduate education.

All of us have heard the stories about the quality of undergradu-
ate education in our universities, especially in our research univer-
sities.

We've all heard the stories of teaching assistants who can’t speak
English well, stories of junior faculty being told that teaching well
won't get you tenure, stories that teaching awards are more a kiss
of death than they are a mark of distinction, and stories that the
epit<l)lme of academic success is not to have to teach undergraduates
at all.

Although some of these stories are magnified beyond their real
proportions, and others are believed to be more prevalent than
they really are, they also cannot be dismissed as either without
foundation or infrequent in their occurrence.

Nonetheless, I believe it is important for the committee to know
that there are faculty out there, especially among the more junior
faculty, who care deeply about the quality of their teaching, who
care about the quality of undergraduate education, and who care
about the quality of public education in this country.

Unfortunately, many of them also perceive themselves to be in
an environment that is not as supportive of such concerns as they
believe it should be.

For example, I recently had an opportunity to serve as a co-chair
of a colloquium involving 53 Presidential Young Investigators that
focused their attention on U.S. engineering, mathematics, and sci-
ence education for the year 2010 and beyond. Without question, it
was one of the most enjoyable experiences of my career.

These outstanding young faculty expressed uniformly a genuine
concern for the guality of undergraduate and pre- college science
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education. Unfortunately, they also expressed serious reservations
about the commitment of their institutions to teaching and about
the wisdom of their own involvement in undergraduate and precol-
lege initiatives in light of the current system of faculty rewards.

As one participant expressed in his written evaluation after the
colloquium, “The process used for identifying the colloquium par-
ticipants selected young faculty, mostly from research universities,
probably a majority of them nontenured, with strong interest. in
teaching.

This is a somewhat lonely group in the sense that most return to
environments where many of their colleagues ordinate their teach-
ing to research interests and all are tempted to do so.

It is, therefore, strongly encouraging to spend two intense days
with colleagues attempting to articulate a vision of the future
which teaching shares with research a high priority.”

A phiotocopy of the report from the colloquium entitled, “Ameri-
ca's Academic Future’ has been included as a part of my written
testimony.

I believe you'll find much within this report that addresses di-
rectly *he issue of the quality of undergraduate education, and the
balance of teaching and research in our universities.

The report recommends, fundamentally, that the faculty, the
leadership of our colleges and universities, and agencies that fund
higher education reaffirm and recommit to what is the central mis-
sion of our institutions, namely, education.

To this end, the report recommends the need for reform in two
critical areas: first, we must encourage and reward teaching excel-
lence, instructional scholarship, and public service, as much as we
do research.

Second, we must increase substantially the resources available
for instructional innovation and curriculum renewal, especially for
undergraduate education.

These are not independent issues. Inadequate resources and a
lack of faculty incentives to engage in instructional innovation
simply restricts the number of faculty regularly engaged in instruc-
tional scholarship, and it sustains an unfortunate and inaccurate
impression in the minds of many that teaching well is not impor-
tant and is without merit.

We must recognize that regularly budgeted programs for curricu-
lum renewal to maintain the faculty’s instructional excellence are
as essential as programs for disciplinary renewal to maintain their
technical currency.

This committee can help these young faculty and other faculty
concerned about the quality of undergraduate education. T would
like to highlight two of the five recommendations I have in my tes-
timony.

First, I recommend a substantia! increase in support for peer re-
viewed, regularly budgeted programis to improve the quality of un-
dergraduate, engineering, mathematics and science instruction for
all students, both majors and non-majors.

With respect to the National Science Foundation, support for
programs to improve undergraduate instruction should be in-
creased by at least $100 million immediately.

12,
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I believe that a thorough evaluation of the current NSF pro-
grammatic and budgetary commitment to undergraduate instruc-
tion, as compared to the programmatic and funding recommenda-
tions contained in the 1986 NSB report on undergraduate educa-
tion, often called the Neal Report, would show a shortfall of at
least one-half that amount.

Further, when coupled with very low success rates among many
NSF' undergraduate programs, such an increase would place the
NSF support for improved undergraduate instruction more in line
with the NSB’s original intentions, and provide immediately the
base of support needed to respond to the increasing proposal pres-
sure in this area,

We cannot afford to continue to discourage those faculty willing
to step forward and accept the challenge simply because of the lack
of appropriate budget priorities,

We all know these are tight fiscal times. But it must be remem-
bered that high quality undergraduate instruction is the key to im-
proved instruction at all educational levels, and the key to im-
proved scientific and technological literacy.

I emphasize regularly budgeted, peer reviewed programs for in-
structional innovation because they will enhance significantly the
status of teaching in general, and faculty participation in instruc-
tional scholarship, in particular, by putting teaching excellence on
par with regularly budgeted, peer-reviewed grants for disciplinary
research.

Since World War II, this country has provided virtually unwaver-
ing support for regulariy budgeted programs for academic research.
That commitment has clearly paid off.

Unfortunately, similar support for instructional excellence and
curriculum renewal has been much less consistent. Indeed, NSF's
own budget priorities from the last decade or 50 have resulted in a
generation of faculty who are largely unaware that NSF has had a
mandate to support programs in both research and education since
its creation in 1950.

This lack of awareness, in part, fuels the current misperception
among many faculty that increases in education programs are
eithel}'1 inconsistent with or at the expense of NSF’s mission in re-
search.

Second, I recommend that the membership of the National Sci-
ence Board include a tenure-track assistant professor, a tenured as-
sociate professor, and a full professor with less than six years of
service at that rank.

I believe we can all be proud of the lcadership that has been pro-
vided by the National Science Board over the years.

Nonetheless, I also believe the Board’s deliberations would be ap-
propriately enriched with the advice of recent academic experience
t}llat could be provided by members of the junior to mid-career fac-
ulty.

In conclusion, I'm concerned that we are responding to the cur-
rent crisis in science education too much that like that of a volun-
teer fire department, depending upon the good graces of a few
brave volunteers with meager resources to come running to extin-
guish the emergency of the moment, and then we all go back to
doing what we were doing before.

. r')»
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We must not be tempted to form yet another bucket brigade. In-
stead, we need to direct some major efforts at fire prevention that I
believe can be provided by improving the quality of undergraduate
educa n.

Thank you.

[The prepared statement of Dr. Lohmann follows:]
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The Quality of Undergraduale Sclence Education:
Achleving a Balance Betwean Teaching and Research

Testimony to the

Committee on Science, Spaca. and Tecnnology

U S House of Represeniatives
Washington, D C

March 31 1992
by

Dr Jack R Lohmann

Associale Dean. College of Engineering. and
Professor of Industnal and Systems Engineening

Georgia Insitute of Technology
Atllanta. Georgia

e nave all heard stories about the quality of undergraduale education in our
universiies, especially in our research unversmies. We have all heard siones of
ieaching assistants who cannol speak English well, stones of jumior faculty being
lcid 1hat Teaching we'l wont get you tenure ™ stories That teaching a «ards are more
a kiss of death’ than a mark of distinction. and stones that the epillorme of academic
5uCCess 15 not 1o have 1o teach undergraduates at all Atthough some of these
stones ara magniied beyond their real proportions and olhers are believed 1o be
more prevalent 1han they teally are. they also cannot be readily dismissed as enher
wathout foundation or inlrequent In their occurrence.  Nonetheloss { behave it is
moonant for the Commuttee 1o xnow thal there are facuity out there. especsally
among the more Jumor acully. who care deeply about the quality of their teaching.
WNO care aboul the qualily of undergraquale educalion, and who care about ine
Guauty of pubhc egucaton :n this country Unfortunately, many of them aiso
percene themselves lo be m an environment that 15 not as supporine of such
concerns as nev beteva A should be

Forexample, a Intle over a year ago | had the opportundy 1o serve as a Co:Charr
of a Presidential Young Investigator Colloquium that focused on U S engineenng.
mathemalics. and science educalion for Ihe year 2010 and bevond The
colloquium was attended by 53 Presidential Young Insesthigators (PY1s) lrom a
broad mix of academi¢ nshitutions and disciphines of science. mathemancs and
engineenng  Furthermore most of the participants were eitheér lenure-track
assislant professers or tenured associate professors

it was one of the most enpyable and gralifying expenences of my career
These outstanding youny facultv. many of whom witl soon be among the
2adersnD of higher educaton expressed a genune concern {or the ouvaidy of
wngergraduate and precollege science education  They also expressed senous
esersaucns about the commitment of their insulutions 10 teaching and about the
W50 of thew own Inyolvement 1n undergraduate and urecoflege inmiatrves m ight
sl ihe current system ol facufiv rewards As one partic:pant expressed in his writen
“vaiyatgn atier Ire colloquium
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“The process used lor idenfifying the colfoquium participants selecled young
faculty, mostly from research unwersities, probably a majority of them non-fenured,
with strong interasts in teaching. This i1s a somewhal lonely graup in the sense that
most return to anvwonments where many of their colleagues subordinate thesr
teaching lo research intorests, and all are templed lo do so. It was, therelore,
strongly encouraging lo spend two nrense days with colleagues altompting (o
articulate a vision of the fulure in which teacling shares with research a high
pnortty.”

The report lrom the colloquium, entiled Amesnca’'s Academic Future. was
refeased by Ihe Nalional Scienco Foundation {(NSF) a little over a menth ago. A
copy of the report has been mncluded for the C ttee’s consideration as a part of
my wrtten testimony | believe you will ird much within this report 1hat addresses
direcily the 1ssue of the quainy undergraduate educalion and the bafance of
teaching and research 1n our universities.  [1is Through this report that | would like 1o
share my thoughts on the future of undergraduate education

As the 1tte of the report suggests, Amerxa’s Academic Firure 1s as much a
report about the future role of our Insttutions 1N The Amencan educational sysiem
as It is a repeit offenng some specific ideas and recommendations 1o address the
cuirent cnisis in science education  This report is not unique In ils concerns for
educational relorm. but 1t 1s unique in I1s focus on highet education in general. and
undergraduate inst;uclion n parlicular, as the key 10 a better future for all students
21 al educalonal lavels  The report recommends. lundamentally. thatthe faculty.
the igadershup of our colleges and universities, and agencies that fund higher
education. reallitm and recommnl to what 15 the central mission of our nshtutions.
namely. education  We must not respond 1o the currenl chnisis 1n science education
ke that of a volunlees fire depariment. depending upon lhe good graces of a few.
biave volunteers. wilh meager resources. lo come runming lo extinguish the
emergency of the moment. and then wo all go back 1o daing what we wore doing
belore  This report is not a call lo yon the bucket brgade. 11 1s a cali for efforts
drected al fire prevention

To this end. the report recommends the need lor relorm in two areas that
criically allect our mnstitutions’ capabiliius fo assure the long-lerm health of 1he
Amencan educational enterpnse al all levels

« Fusl. we mus!l encourage and reward leaching exceflance. instruchonal
scholarship. and public service as much as we oo research. and,

» Second. we mus! ncrease Subslanhiaily the resources avaidable lor
nstructioral innovation and cutnculum renewal. espec.ally lor undergraduate
educalion

These are rot Independent 1ssues Inadequale resources and a lack of faculty
ncenlives 1o engage n nslructional innovalion simply resincts the umber of
faculty 1egularly engaged n nslructional schotarstup and tt suslains an unfortunale
and inaccurale impression m the minds ol many that teaching well is not imponanl
and 1s withoult ment  Atter all. il 1eaching excellence 1s nol rewarded and no!
supporied as much as research. what else 1s one lo conclude? We must recognize
that reguiarly-budgeted programs for curnculum renewal to maintan the laculty’s
instruchionat excellence are as essental as programs for disciphnary renewal to
mamntain thewr lechnieal eurrency

Il nothing else, | hope this report makes clear 1o the Commdlee Ihat throughout
o mnstitulians thete are latented young tacully who are more than ready, willing.
and able 10 help imprave 1the qually of insiruclion at all levels of the educational
ppohine They are ready to bolh tespond to the emergency of the moment, and
more importantly. to address the syslemic issues affecting the long-lerm health of
the Amerncan educalonal enlemrnse

Tha repont from tha PY! colloquium,

i 1snota
cail to join the buckel bagade. 15 3
calf for elforts dircted at firs
pravanltion it recommends.
fundamantally, that :he facu'ly. the
loadership of our colleges and
umvessities, and agaacias that fund
tighsr eaducation. seatlrm and
recommil to wnal 1s the central mvsson
of aur inSlitul:0ns. namely. aducalion.
To this and, the report racommends
tho nead lor raform in two areas tha
crtically  affect our nshlutions’
capabliies fo assure the long-tarm
heaith of the American aducahonal
rleronse at air levois:

Firsl. wo must oncourage and
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public service as much as we do
rasvarch. and.
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subsrantially the reSources
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This Commultee can help these young faculty. and other faculy concerned
about the qualily ot undergraduale education. | would ke lp ofler five
recommendanions for the Commilee’s conskieraton

RECOMMENDATION

Increase substantlally support for peer-raviewed, ragularly-
budgeted programs to improve the quality of undergradueste
instructlon for all students, both majors and non-majors,

V/ih respect o the NSF, support for programs budgeted fo improve
undergraduale inslruction in the classrooms and in the laboralones should be
ncreased by at least $100 mulllon immediately. 1 believe fhat a thorough, nlfaticn.
adjusted evalualion of the current NSF programtralic and budgelary commiment
10 undergraduale nstruction as compared lo lhe programmatic and funding
recommendations conlained :n the 1986 Nalonal Science Beard (NSB) report on
unaergraduate education, often cailed the “Neal Report.” would likely show a shoni
fall of af least one-half that amount. Furher. when coupled w'in the very low
success rales among many NSF undergraduate programs. such ai. increase woulkd
place the NSF support lor improved undergraduale instruction more 1n ine with lhe
NSB's onginal inlentions and provide immedialely the basa of suppon needed to
respond lo NSF's increasing proposal pressure in this area.  We canno! afford fo
conlnue to discourage those facuily willing (0 slep forward and accept the
challenge simply because of a lack of appropnate budget prioriies. 'We all know
these are tight fiscal times -- bul it must be remembered 1hat high-qualty
undergraduale instruction 15 the key to improved nstruction at all educational levels
and the key 1o improved scientific and lechnological leracy  Increased Support tor
high-qualiy undergraduale ipStruction 15 also increased support for high-qualily
precoliege instruction. oo

| emphasize regularly-budgeted, peer-reviewed programs bocause Ihey vall
enhance signilicanily the slatus of 1eaching i general and facully participation in
msirucional nnovalion n pamcular  Regularly-budgeted. peer-reviewed grants
for instructional scholarship will put teaching excellence on par with regularly-
budgeted peer-reviewed granis for disciplinary research  Again. as | montioned
belore regularly-budgeled programs t1or curriculum renewal to maintain the
facuty’s instructional excellence are as essentiai as programs for disciplinary
renevaal 10 mantain their technical currency  Since WW!IL this country has provided
viually unvavenng support for regularly-budgeted programs lor academic
research  And that commitmenl has clearly paid ot Qur universmes are the envy
of Iire world 1n graduate education and research  Unfortunately, s.mular suppod for
instryctional excellence and curnculum renewal has been much less consistent
The National Science Foundalion's budget for educational programs during this
same period of ime 15 a good example  Indeed. NSF's own budget pronties within
the last decade or so have resulted in a generalion of facully who are largely
unaviare that NSF has had a mandate 10 support programs 1n both research and
education since its ¢reaton in 1450 Thus lack of awareness. in pad, fuels the
currenl misperception among many lacuily thal increases in educaton programs
are ether inconsistent with o1 are at Ihe expense o! NSF's mission in research

With respect to the NSF. suppont for
programs budgetad to improve
ungergraduate insiruction in the
cfassrooms and n the laboratories
should be incraased by at teast $100
mlion immediately  Wa cannot afford
10 continue 1o discourags those
facuity willing to step forward and
accepr the chalisngs simply bacauss
of a tack of appropriale budget
prionlios  Indesd. NSF's own budger
priowtiss within the last decads o so
have rosulted :n a generation of
facuity who are 1argely unawars that
NSF has had a3 mandata to suppon
programs n both research and
education since 1S creation in 1950,
Ths tack of awareness. n pan. fuels
the cureant misintormod baha! among
many faculty thal increaseés n
educalion programs ars eithar
inconsistant with or arg at the expense
of NSF's mission i ressarch.




RECOMMENDATION

Membership of the Natlonal Sclence Board should Include a tenure-
track assistant professor, a tenured assoclate professor, and a full
professor with less than 6 years of service at that rank.

| believe we can all be proud of tha leadership that has been provided by the
National Science Board over the years Nonethaless. | also befieve that the
Board's deliberations would be approprizlely ennched with the advice of recent
academic expenence Lhat could be provided by members from tha junior 1o mid-
career faculty

RECOMMENDATION

Target spaclal support to (1) Improve the Instrucllonal preparatlon
and qualificatlons of graduats students preparing for professorial
carears and (2) engage, speclfically, assistant and assoclate
professors in instructional Innovation.

1t has been reported that nearly 40°% of Ihe professoriale is seheduled 1o retira
by the end of ihis decade This represenis both a challenge and an opportunity It
15 a challenge given the current statictics on Ph D. production. but it 1$ also an
opporiunity in that ttose who enter academic life within the next decade may do so
n {arge numbers If nothing else. the preparatinn and early academic expenence of
the next generaton of young facullv will in large measure determine the cutiure of
higher education well into the next century

RECOMMENDATION

Appoint a Blue Ribbon Commission on Norms In Scienliflc and
Technological Literacy.

The purpose of this Commission would be 1o locus atlenlion on the need for
norms for fiteracy 1n science mathematics, and technology, for both students and
teachers, and 1o idenuly promusing strategies ter defining, measur'ng, and
implementing thase rorms.

RECOMMENDATION

The National Academy of Sclences should appoint a multi-
disciplinary, standing committee of 100 junior to mid-career facully
to advise the Academy, Congress and the Naticn periodically on
matters of Importance to the long-term health of higher education in
general and undergraduate Instruction In particular.

This committee would provide a nalural complemant to the Baard on
Mathematcs and Science Education and the Board on Engineenng Education
wilhin the Academy | recommend a multi-disciplinary commillee because
undergraduate educalion - regardless of the degree program -- is, fundamentaily.
a muti-disciplinary education. We need to increase the opportunities {or ¢ross-
discipknary communication and collaboration, especially among the juntor to mid-
career facully. to address some of the rnost pressing issues facing undergraduate
educauon
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FOREWORD

The langeaenn suceess at the national eltagis o res talize engineenng, mathematics. and seienee educalion depends
crngally on culsandmg saung laculs [0ddy wha wailhinereasingly shape and dehine all aur educanonal insntubons, (1 wll
be through theut ettorts and leadersip that hugher cducatian wall improse the quahly atanstfucion i engincering,
muathemanes, and 1he scienves 1or all sindesus at all educaional leve s into the next century Their enunsel and invols ement
naw s sital to the nanonal educeion ayendd.

The Nannnal Scrence Foundation, through ihe Dis iann ol L ndergradune Scuence, Bngineenng and Mathemanes
Dilucanon 4 SEME L and in callabotatinn sath the Dnason al Research Career Develapment and representahises tram adl
e Landation Direciataies comvened a colligmunt ot nnis ahree Presidential Young Inseshgators 1PY I on Nosember
Lot s The PY Is all reapients thng 1he ciass sears 1983- 089 gepresented J broad distnbunion anasitalons aml
disciptimes The parmcpants were nomiated by Their insiitunons and selecred by NSE foc their demonstrable cancern tor
presollese and usdergradu ale vue, v and t1ar their potennal 1or tulure acadenie feadersbip

The charse o the calliguanm Broadb . ssas 1o prepare aiepon at their s on and recomimendations al the rofe ot 1-§
hrgher edicaran mihe sear 2 and besand 1 assare high quatay precallege and undergraduate insiruchan mengineenng,
mualliematics, and e seienees taresen one

This aeport desenibes the ponapal o lusions of e Presidentzal Y oeng Insesteator Cotlogumm an t § Engmeenng,
SMathenanes and Sacace Education ine ihe Y ear 20010 and Bevond. including their vison ol the Tulure, hey caurses ol
dcnon g recommendanons U S higter educanon i general, and the Nahonat Serence Foundanion n paricalar, NST
expresses s apprecatian i Dr Jack R Lohnwuaan, tam ahe Genrgaa Instinte o Technology ran keave at absence trom the
I dntal Shicheran, Ann Srbor o NSEAUSENE tram TUS9- 19911, and Dr Angebea M Stes, trm the L niveraais ol
Caltomg Berdeles wlo co-ciaired the cotloquigm, and iy ihe pagticapants tor their haugehtiul counsel and caninbuhons,
The apraans ¢opressead i i cepon are hose Al e faricipants and da sol iecessanly sepresent NSEpatics The indings
Al the Participanis ae cutrenlly nnder revies ty \SF

Sl = NPT

Rabern b Watson
Director Division and ndereraduate Suaee,
Engineenng nd Mathematios Lduc ation
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EXECUTIVE SUMMARY

THE COADITION OF LS. EDUCATION

Numerouy reports and studies have expressed verious concems that the b S.
educational intrasiructure 1s ill-prepared 10 meet the challenges and opportumties
ol the next century The low level ot scienutic and technological lineracy 1n our
sagiery 1< deplorable. and the irickle ot talent Mowing nlo careers in engineening.
tnathematics. and the sciences trom all segments of society 1s deeply diswrbing
The poor condition ot our educauonal infrastructure 15 not the result of a lew
wfated. independent, or diveipline-specific problems. Its condition mandates
tundamental. comprehensive. and ssaemie changes in the way all of us go about
“hie hunitiess it educatiun.

AVISION OF THEYEAR 2010

The vuccess of the current nauonal etforts 1o revilalize engineenng,
mathematics afd science nstruction depends on the commitment and
collaboration o1 a number of communines. including tndustry. schools. colicyes.
unisersitics, govemment at all levels, and the public. Mostly. however, it depends
an the lacults n our Nauon's schools, colleges. and unmiversiies. The lacully, be
they ¢lementary school teachers, community college Inviructors, of unisersity
prolessors. are the curriculum personified. The taculty, boih individually and
vollectively. have conuderabte lautude 1n the curricutum content and 1n the
wnstrucuonal approaches used. Superior taculty motivaie students to broaden and
Jeepen their snicilect. and aspire 1o higher actievemenis. Mediocre faculty dampen
the enthusiasm ot good students and sutle development ot polenuial 1alents in
-ners

The taculty 1n higher educauon. howcever. have d wpecial and crineal
responsibilny Higher education pros e the protessional prepatation of many nf
our Nation's future business leaders, public olficials. socially concemed citizens,
and vimually all ¢ngineers, mathematicians, and scientists, including those who
will becorne tutyre facully at all educanonal levels — clementary and secondary
schools, community colleges. and colleges and untversities themse lves. Thus, the
faculty in higher educatton and thetr commument 1o teaching are absolutely
criucal to the quality of 1astruetion In engineering, mathernatics. and the sciences
provided to bath majors and non-mayors on our college campuses and also 1o the
guahty of insiruction 1n K- 12 classrooms through the future 1eachers they prepare.

We Aelierve stoncly thar gher cducanan in general. and owr insumiions
particulae mnst be comnustted 10 assuring gk qualuy insirnc on for all smdents
i ail seements of the American educatton pipeitne it 15 crucral that erpweh.
hanee. and ¢reatrviiy that are su wntecral 1o rereardit hecome equally wntecral o
scaimne Thus. aur sisan of hicher edncatean wn the vear 2010 and bevond 1« thar
taculty in alf our Naton s colletes und unn ersiies well he tnly tecovmzed for
iherr ndivtdual leaderstup and achier ements in support of broad msutunional
anissions pnolang mstructional veholership puhlic servsce. and research
excellence. und for thesr commument 1o provide o quality education for all
-tudents ar all educatianal levels

1er me hegm with une vumple
starement Pmiesvors should profess.
115 hard no think of anviling mare
itloeusal thon 10 hetonie o unversuy
professar 1] onie does gt wani (0
teach Sirof xon da ttor want 1o weach,
vens shonld immediately laok for
annibier jeth -~

Charles M Vit
President. MIT
Callaguenm Address
\Minemher 5 {090
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FIVE PHINCIPAL POINTS

Many dilfening view pornis. eapericnces. Jnd ideas were expressed dunng the
vourse ol the colloguium. Six reporis tollow the Excculive bummars thal
summarize the discussions ol six individual panets. edch 01 which tocused on a
ditferent aspect ot LS. educauon. The repons include their visions of the tuture,
INA)Or courses ol acuion. and recommendations. Despue the diversity of the nsues
10 be addressed hy tlie panels und the diveraty of the instwtional. dseiplinary,
¢thnic. and gender representalion ol the paritcipants, five principal points emerged
in common Isom the discussions.

To assure high quality precoliege and undergraduate instruction in
engineering, mathematics. and tl.e sciences for all students and c’lizens in the
vear 2010 and bevond. U.S, higher education in general. and the National
Science Foundation in particular, must:

I, Encourage and reward teaching excellence, instructional scholarship.
and public service as well as research,

The luck of suppont. indeed. occasional cutright discouragement. ot faculty
dehiesements in ieaching. instructiondl ~cholarship. and public service 1s among
the most pressing probiems 1n Righer ¢ducation. Al the hean ol 1t s an applicalion
ol tenure and promotion cricria thal Joes noi encourage tacalis Lo aspire Lo broad
scholarly achievemenis. espectally in insiructional innos anon. not to contnbule 10
public undcrsianding and support ol scicnce and tcchnology. The tenure and
prometion criterta, and relaled facnu) rewards that are based onsuch cnitenia, need
10t upplied wilh greater secogninon ut individual facully abiliy and potential.
Goals tor laculty gchievemeni thilored o aaich individual abilines and
nstiwtional missions should be defined and used tor taculiy evatuation. There are
dlso needs tor policies 10 provatle leases i absence that recognize the nature of
conlemporary taculty life. especiaily tor yvounger tacully: signiticantly increased
societal represeniation on englieening. mathematics. Jnd scichice laculiics, more
balunced rccogniion of the interdeper-fent roles ot tesching and re<earch: and
more lormal faculty career desclopment  iniatives.

skt there 1sa st need to promaote u hrcher qualiey af fecuity life that
mase falls recagnizes und develops the doerse wlents and myerests of all the
Jucnite

L Increase substantially resources for instructionsl Innovation and

curriculum renewal, especially for undergraduate education.

Support for disciplinary research may be tncreasingly inadequate but tunds for
wslructional innos ation are neardy nonexistent. Lack of adeyuile resources assures
nadecquate wieniton 1o long-term curricufum renewal, constricls the number of
faculty cngaged recularly in broad-based nstrucuional scholarship, and sustatns an
anlonunate ang inaccurate tmpression in Lthe munds ot many that teaching well 1s
unimporiani ang without mernit. The current condiion ot the Amencan educational
Intrasttucture should not be w1ewed as 4 problem 10 be hixed by a lcw, locused.
1emMporary inihauves. All parties — educanion. indusiry. Stat.  1d Federal
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agencies. and the public — must recogmize that reguiarly budgered. loneg-lerm
programs lor curmculum rengwal lo mamiain the tacully’s instpuziional ¢ xcellence
are as esaential ay tunds for diseiplinary renewal 10 maintayn their fechnieal
wuimeney.

Thete 1s u crunal need for review aof eustng budeel priwutes to pr ontde bath
aew resnure es und expansian of e wrrent educahonal proerams consistent witl the
wegnud 1mpargnce of tegcne gnd e search

Assume primary responsibility for public understanding of science and
technology, principally through high quality precollege teacher
preparation and lower dlvision undergraduate instruction,

Sanv Americans behiese that knowledee ol our Lields has little 1o do wan
evercdas Nife. and that coursework 10 onur areds need only be taken by studeniy
prepaning tor careers in our ticlds Whatever level ol scienutic and iechnological
Wileracy Wi hope 10 auain in this epuniry. indeed whatever basic level of common
educalmn. will be leame” primanly 1n K12 classrooms. and for (hose who o on
lo college. 1n the lower division curmicubum in the Freshman and Sophomore y sars.
Major, lang-term improvement in seieniitec and technological lineracy tan be
alfected most by tugh quality, discovery-orienied learning, principalls in
precolicge and lower divasion undergraduate curnicuium. Expecially critical.
therelore, s the diseiphinary pregaration ol those sirdents aspining 1o precollege
teaching careers in mathematics and thie sciences. and the instfuctional pfeparation
af those graduate \udenis aspiring 10 academic careers. Public undersianding and
appreciaton of science and technology 1 impanant. not only for the preparation ol
an cifective and compelitive worktoree. bul also tor broader concems such as
mtornied public choice and quality o hife, To further these aims. laculty should.
vomnnicaie their work (o the public. not just amone Iellow prolessionals, be
ennre encouraced and rew arded tor activities that contrbute sigmilicantly ta public
undervtanding and appreciation ¢l science and technology: and be more invalved
in local. slate. and nahional science policy

We must assume o ereater tespansmhay for padrlc wnderstandine of seence
and termpdoes dironreh neh quualuy msinucnanu! offerines 10 ol stadents und
Parhicipdaon i scence und technolaes educanon policy

Assure adequate carcer participalion in engineering, mathematics, and

Ihe sciences by ull segmenis of society, particularly careers as precoliege
or college faculty.

Science. mathematics. snd engineening careers. be they professional pracice.
waching, or reseatch, are viewed by many as rather unexciiing, anrewardine. and
non-inclusive careers. They are viewed ay disciplings suitable tor a select. giied
lew, Career choice 18 primatily a product ol expeniences. Although individual
experiences sary considerably, and we. as tacully. often have hitle intluence on
those cxperiences 1€.2., pareniai nurturine. role medels. job e xpenencest. we do
have conuderable control over the educational envirgnment in general. and the
yuahty of instsuction 1n particular. Students are not encouraged 10 pursue careers in
tiglds in wiach they percerve instruction 10 be ledious and uninspired, coussework

“ There 1s g miscont epiion 1 our s
versines thar teachnng and isiric-
tanal thnovati ase less seluuble,
less difficnlt. {ess crcanve. aad less
seddaris than 1oseavch The Federal
avernment. thnoueh ns agencies und
then pdit budert prroymies. shares g
prencipal cespanisebiliny i thas
nusionceprian
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10 be irele vam or excessively demanding. and success to fesult trom special 1ateni
or demographic similaruy, We. the science and techmical communiiy. represent a
small fraction ol our soCiery. s el 1l ey socrcty -al-large thar determines 1he
voudiions under which we work. and provides the resources 1or whar we do. We
musi be more inclusive. Broad collaboration amoNg umveérsities. protessional
societies. indusiry. and government ai aii levels. 1y needed. including: more
engaging cumncula monvated by socictal relevance: attention 10 (he transmons in
the educanional pipcline: improvements m enirv-esel college courses: programs
for career paths such as scicnce Journalism or technology policy: and special
ateention 1o precollege teacher preparation.

Induree neasure. we must develdp bath an wveting edvic ariomal e uonment
und onte that encmrcees aif swdents s ( ced

Encourage the deveiapment of discos erv-orienied learning ensironments
and technology-based instructipn ai all educational ey els,

The ubiguitous lecture 1s the bane of true leaminy. especially n observanion-
hased. hands-on tields such a engireening. mathematics, and the aciences. Qur
lecture-dominated system of education encourages u passive learning
environment. inviles the development of a misy production-orienied. highly
companmenizlized tlecture -Sized) curnculum, and, warst of all, insulls nenther the
motivation nor the skitls lor tife-long learning. The os erdependence on the
sandard lecture must be dimimished with emphasis given insiead 16 discovery-
onented leaming in which disciphinary and geographic boundaries become less
distinct through networked. technology-based insiruchon. Students must be acnive
coninhuiors in their own education and 1n the cducauion o1 their tetlow sludents,
and facully nust be as creat've in their teaching as they are in their research. The
curriculum must emphasize laboratory and field experiences. aad retlect an
‘niegrated approach 10 engincering. mathemaucs. und science education New
technologies. topether with advances 1n the cogmitive sciences. oifer significant
apportunities lor indiv idualized le arning and teaching styles. They also oifer
mponant opportunitics (o interconnect all levels ol the educanonal infrastructure
10 bring more coliesion to the edueationat pipeline. There are also needs for more
voncurrent learning opportunities involving simultancous study uand
expenmentalion: (n Increase 1o Information technology and com.puter fiteracy
among faculty and students: and a change in the culure ot academe, 1y tunding
agencies. and accreditation boards 1o beyer recogmize the Inierdependence and
coequal imponance ot teaching and research.

We mist c1eare thiseos erv-nitented featnine envo onments ihat cupitalize on
the (ull piv et of wew communn guen. MU, gt Vestal zati tecimologes.
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PAVNEL

ATTAINING AND MAINTAINING
SCIENTIFIC AND TECHNOLOGICAL LITERACY
FOR EVERYONE

PANEL MEMBERS: Robert Perrv (Panel Chair), Grecory R. Baker. Barhara §. Beltz. A. Gordon Emslie.
David E_Goldberg. William D. Hunt. [an M. Kennedy. James \. Moroney. Marjorie A. Olmstead

In the vear 2010, higher education will have assumed a leadership role and centraf responsibility
for the scientific and technological literacy of all citizens.

VVISIONY OF THEYE AR 2010
AND BEYOND

We ¢nvision a society in which the public regards
science. mathematics. and technology as relevant (o their
personal byes. Engineers. mathemaducians, and scicniys
are percenned by the public as vital to ociety. and
setenittic and technological literacy are well detined.
Engineering. mathematics, 4nd sclence concepls and
cantnbuttons dre communicated effectively 10 all
segments ot society. principally through formal instruction
10 our swehools and universities bul also through informal.
out-ol=¢lassroom educauonal opportunittes and progranis.
The public can apply the princtples ot sctence 10 the
~olution ot their evervday prohlems.

REY COURSES OF \CTION
A\D RECOMMENDATIONS

As engineets. mathematicians. and scientists. our
viwon of the tuture naturally recogmizes the unportance
4nd contribulions ot engineering. mathematics. and
science to our everyday lines To most ot vociely.
however. our work s largely one of arcane subjects
pursued 1n unscen laboratones and whose environmental
and social impacts ar¢ often quesuionable. if not potznually
disastrous. Mennion our professions. and most do not think
about their home, their neighborhood. or their jobs. nor do

they ptcture themselves as capable and confident in
applying even the most rudimentary principles ot our
disciplines. Science and technology are seldom ponrayed
43 human endeavors.

Qur vision tor attaning and maintaiming scientific and
technological bieracy in based on tundamenal challenges
tn four areas: the relevance ol science and technology in
society. defining scientific and technological hiteracy,
communication of scienv< and icchnotogy lo society. and
public perceplion ot s¢ience and technical protessionals.

Relevance of Scienee
and Technology in Society

The manner tn which science and technology are
taught 1n our schools and universities 1s our greaiest barmer
to scientific and technological literacy. Too many science
and tcchnalogy courses fail to sumulate and engage the
students. much less educate them. Mostly. students leamn
10 511 and listen heerve dertonstrations, memonze facts
and formulas. and. basically, work alone. From the outset
ot thetr education. they progressively spend less and less
time applying their know ledge. pertorming experiments.
parucipating n field (nps, or working 1n groups. Is 1t any
wonder that mosl of soclely finds sclence, mathematics,

and technology dull. tedious. and not relevant to therr daily
hyes!




We recommend —
T higher educanonand the NSF-

— emphasize (reative, discovery-oriented. ollabat anve
student learmag at all educarional fevels Integrate
nstruction n science. mathernaucs. and technology as
mucn as possible, and de-emphasize separation and
compartmenizhzation, Students should be encouraged
lodevelop informed opinions about scientific. ethical.
and political controversies involving important
swientific and technical issues.

carand support jor callahorative effarts anione
cngtreering. mathematees. vorenc e, and edication
It aelues 1 pravide fuch guahins 1allegtate mstrie ion
noenQuaeering, mathematics. and science for
undergraduate students prepartug for precollege
teacinne careers No one would hire 1 teacher who
could not read: by the same token. there 1s no reason
aliteachers should not be sciennifically hiterate.

cregte un NSF Descovers Prngvant 1 expand support
for discanervoortented. 1ustencional materials
development for use tn K-i12 (lussronms. and
encottace ulf envineerne. muthemutis. and scienre
Jactdn ta parecpate ot sich programs Collaborats e
<1forls belween engineening. matheématics, and
~cience taculty. and education taculty and precollege
teachers should be especially encauraged. New texts
and materials should: incorporate science history and
philosophy both 1n history and science texts: include
science and technology applications more frequently
2 part of mathematics cducation: emphasize
scienulic concepis and processes and de-emphasize
the memonzation of facts and formulas; and include
upplements relating contemporary 1ssues ol the day
with discoveries 1n science. mathematics. and
technology. Workshops lor precollege teachers to
become familiar with the new matenals should also be
encouraged. Of special interest 1o entineertne facuity
1n the development of Precotlege instructional
matenals directly related 10 engineening cnd
technology. It is note worthy that presently little
engineering-orented coursework 1« included 1n the
precollege curriculum. and precollege teachers
receive little. +f any. preparation oriented to
engineering. Activities should inciude plans tor the
manutacwure and distnbution of developed maienals.
and the involvement ot industry 1n such dissemination
should be sirongly encouraged.
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— dippont carricicting develapment and in-service
programs desiened te ussure @ hich level of scientific
and tec hmnlogical hiteracy for practicing teachers at
all edtivauonal levels Especially encouraged are
collaboranve etforts involving  engineering.
mathemauics. science. education laculty. and pre-
college teachers.

Defining Scienlifie
and Technological Literacy

We are concerned about the low level of Amencan
scientific Tueracy I we are 1o attain and maintain
scientific and technological * ieracy among all ciuzens.
then we mut hirstdefine 1110 measurable wavs, We must
have standards by which to judge student progress at all
educational levels.

We recommend —

To the White House
Office of Science und Tec hinndey Policy.

— appotnt a Presidental Commission on Narms i
Lueracy in Sgrence. Mathematic . and Technolagy
The White House Office ot Science and Technology
Policy should assume a 1eadership role and appoint a
Commission 1o |1 focus attention on the need for
norms tor literacy In science. mathematics. and
technology. tor both students and teachers. and 1)
identity promising sirategies tor defining. measunng,
and implementing these ROMMS.

Tu kivher educatton and the NSF*

— encourage mare faculty scholarslup n deftming and
meusi g screnttfic aud tec finoligicad Ieracy.
Research 1n scientific and technological literacy wiil
also have an ancillary effect on shedding light not
only on the scienufic and technical education of non-
mayors but also on majors as well. Indeed. tesearch in
science. mathematics. and engineering education in
general 1s as much an opporwnuy for faculty
scholarship 3s research tn science. mathemancs, and
engineenng iself.




( ommunication of Science

and Tecknolom o Society

Communication of science and iechnology to the

public 1s woelully inadequate. tf not oiten misleading.

We recommend —

Tatueher educatian

sne Sreater consideranon to papulur farms of
publication uad dissemination af facults work n
feaure und promotion evaluwations. We, as engineers,
Inathemanc 1ans. and scienusts. must communicate
wur work more Irequently and eltectively 10 the
public. not just 1o our protessional collcagues.

rediece 1€ lurge commumcutton hurriers tiaf exest m
the lassroan: Effective communication begins in the
vlassrnom. Protessors ol engineering. mathematics,
and science should be educated 1n eftecuve teaching
and communication. and their teaching eltectiveness
should be gisen more consideration in the tenure and
PrOMOLOR Process

encenvuge and support more fuculis parncipation
lacad communuy areamizatrons. public ibrarios. and
schools 1o create discavers exploraionia 1o enconeruge
frandy.on nvalvement in saence. mathematic s. and
eneneerine Especially encouraged are actvities that
provide more ready access to recent engineening,
mathematics. or sclence achievements through
contemporary nformation  technologies and
netw orks. Faculty <hould also be encouraged 10 sene
In a vanety ol public forums. such as polincal office.,
school boards.  useum advisory commutiees, and
local. state. and nauonal science pohcy Organizanons.

terease the niwmber of professional coience
tommunicators Encourage more collaboratve etforts
among engineering. mathematcs, science, and
cominunication faculty. Engincenng, mathematics.
and science taculty on the one hand. and
communications laculty on the other should vesk 1o be
more involved 1n each other’s curriculum. We alvo
suggest the creanon ol science/technology-ortented
Commumcauonpmgrams.

Tathe NSF

evpand support tor collaber ative procrams berween
scicace and nonssaence factdy 0 facsititate effective
sictie e and technology communication The recent
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joint agreement between the Nauonal Seience
Foundauon. Nauonai Endowment lor the Humaniues.
and the Depariment of Education 1or collaborative
support ol Leadership Projects in Science and the
Humantties 1y an example of an (mitiative with
significant potential to address elfective science
COmMURICation.

Public Perception of Science
and Technical Professionals

Whle it 15 eratitying that the public perceives science
and engineering protessionats ay intelligent. we regret
being siewed as dull and not reflectine ot the 1ull diversity
ot Amerncan society

We recommend —

Taligher education

— eapand extramuial science and wchnoluey activenes
ai schools and colleges. Such events Toster positive
athitudes towards engineering. mathematics. and
science through fun and competitive events.
Simularly. we encourage efforts to Inghlight the true
diversily among engineering. mathemaucs. and
science professionals. including their involsement
and participation 1n 3 wide vanely of non-science
activihes.

— «reate curvicnla and mediu presentanaons thar
demonstrate tie socinl contect within whhich enci-
neering. mathematics. and the sciences ure prociced
Many persons have some idea about what lawvers and
doctors do for a lwving. but little 1dea about what
engincers. mathematic:ans. and scientists do.

ToFederal fundingagencies tincludite NSF)

— re-evalfuate hudeer prinnities There 1v a mis-
conception 1n our universities that ieaching and
instructional innovation are less saluable, less
difficult, less creative. and less scholarly than
research The Federal government. through us
agencies and their past budget priorinies, shares a
pancipal responsibility tor this misconception.

— «reaie anNSF Ambassador Program. Such a program
would support outstanding engineers. mathe-
malticians. Jad seIERtISIS to visit elementary and
secondary schools. as well as parmicipate 1n media.
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tocal. tale. and national public torums. These
individuals would serve as ambassadors 16 work with
non-science protessionals and students to 1mprove
their undersianding o1 scicnce. mathematics. and
icchnology. ¢nd Lo appreciate the human endeavor
associated with these disciphnes. Pasticipants in the
program would be nominated by the president of their
instituhion and would recesve salary and travel
support.

Tothe CUQIACCrNg (ommiinii:

Aten the visthiliy of encimeerme. Despite the fact
that much o1 what the public encounters daily 1s as
muen an engineening and technological achievement
Sy I scienulic one, engineenne is not olien viewed
asy & principal contributor or onginator. The
engineening education community, tndustry. and
engineering protessional societies should: develop
engineenng and technology-onented matenals for the
K-12 curriculum and for non-engineenng college
cumculum: promote visits by rele models 1o schools:
and include material describing the basic operating
principles of 1echnical products along with the
opecaniiy/assembly instructions.
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PAYNEL

E

OURAGING CURRICULUM RENEWAL

AND THE DEVELOPMENT OF
NEW LEARNING ENVIRONMENTS

PANEL MEMBERS. David L Frevberg tPanel Chairy. Steve Cramer, Solamon R. Eisenberz. Frank J.
Feher. Naney M Haegel, Frank V. Kowalski. Peter D. Mevers. Brij M. Moudeil. Martha C. Zimiga

In the year 2010. growth. change. and creativity in higher education will be as integral to teaching

as they are to research.

VMISION OF THEYEAR 20100
A\D BEYOND

We erviaon an academic enviropment in which
lacully are as crcative i their teaching iy in therr research.
The cutiure r1 the academy views and rewards leaching
and <escarch equailv. end cultivates ondividual
achies ements accordingly. Siudents are active and Creatine
parncipants in therr own education as well as in the
vducauon ot their tellow studenis. Curmicula emphasize
numeraus, high quality laboratory and tield experiences.
and retlect an integrated approach to engineering.
inathemanigs. and the sciences The lectare-driven,
compartmenialization of knowledge into individual
voure.«zed blocks s replaced by team:-teaching and other
integraung. dincovery-oricnted learning paradigms.
particulazly in the 1ower division. Students view their
1omal undergraduaie education g the catalyst ot hfe-long
lcarning  Specializanion plays a smaller part ot
andergraduate education. and science. mathematics. and
1echnology are part ot general education requirements ot
all students Substantial resources are avatlable tor
sumculum renewal and instructional schotarship. Higher
sducation activels collaborates with precollege educanion
trassure ich-qualty academic preparation and a smooth
transilivn 1or coltege-bound studeni<. New technologies
are used at all educational levels 10 enhance the quahty ot
‘e lesrung covironment.

~ .EY COLRSE OF ACTION
v ) RECOMMENDATIONS

Qur ~inon ol the future requires ane principal. key
course of action — a fundamenial change in the culture of
higher education. its tunding agencics. and accreditanion
nstitutions. The culture of the universty must be changed
\0 thal pedagogy and research become equal. dvnamic
partners in the missvion of the university. The tenute.
promotion. and teward sysiem. the budgeuing prionities.
and the 3dminitrative organization ot colleges and
unsessitics must be modified 10 foster and reward
creativity and growth in teaching as well avn rescarch.
Federal. state. and other agencies that tund and evaluate
education must undergo as much of achange in culture as
that of academe. Resources for instructional expenmen-
1ation must be equal to those tor fescarch. Accreditauon
arganizatons must value curnculum renewal and
cncourage innovation We. theretore. recommend the
following actions.

To ucher ednucannn

-— uppl.\' eriee promatum. uid 180 dtd GUTIA I WANS
that value and enc purace eacine uny vistracunnal
scanlarsiup A faculty member’s uime s a limited
resource that must be divided among creation of
knowledge researchy. dissemination ot knowledge
and thinking skalls (teachingy. and admuinistration
rservice ). The most elfective means to encourage




Sreater L2eully acuvity and creatn ity 1n cumculum
renewal and the devetopment ot new learming
environments s o truly encourage. recogmzee, and
reward faculty participation 1 educational
expenmentalion and iAoV IloN.

develop peer-based measitre s of teachiny quafuy and
susernenenal effectivencss. Teaching presents
challenges tor evaluation that are. 1n many ways,
unhike those tor research. Nonetheless, we believe
peer-based mechanismes, now readily accepled for
fesearch, hold the most promise. Among the possible
mechanisms are: retereed publicatons and pro-
secdeaes, peer-revicwed drants lor educalional
sxpenmentation and innos ations, protessional and
public presentations, classraom s intis by taculiy
volleagues. alumni evaluattons, and external peer-
review ol Lleaching matertals and other distributabie
cJucanonal products te. ¢, e xibaoks and coursewarel,

evtahind permanent pundine for cwricedion
devefopent and renewal  Universiies in general,
and individual depariments 1n particular. must
secognize that the development and mainienance of a
qualits curnculum i a conunuous pracess requinng
predictable long-icrm resources, including faculiy
release ime,

cacinruee und rewdid fdonfiv iavadvemenr an
recertlere cdueannn The sophisucavon and
vitecuiveness of any undergraduate program s
inherent!s mited by the motis ation and abilities ot 11s
entening sindents. Clearly. tis tn our national interest
and ouf iGlerest as tacully to be actively engaged in
improving Lthe qualily ot precollege insrucuion,

arsupie wreater 1 esporsthelun por and dissemmnatn
of tuenahive education develaprienis hevond the
orspnienson Successful and innovaus ¢ educatiopal
programns are products of considerabie eifort. yet
mformation about these efforts ofien does not reach
beyond the immediate eampu~ environment  Support
tor workshops. conlerences, etc., <hould be provided
10 faciliuate educational dissemination.
chinunare harriere creared by deparimentaf
houndaries There are many excrung opporiunities
and possibiliigs for interdisciphinary curniculum
innovanion. Unforiunately, many aspects ot the
current orgamizational siructure — particularly the
pracuce ot allocaune faculty. statf, and teaching
dasistant resources on the basis ol deparimenial

undergraguate enrolimenis — dincourages explo-
ratton ot interdisciplinary approaches Lo teaching
Universities should exptore the development ol
Ol'gilnll;llloﬂill structures that encourdge inler-
depanmental development ol curmiculum. paeticularly
in the core curmiculum,

eneouraee more ciedin e pedavovscdl tecimgues and
aavel learntng cnvtranments as alternatives (o the
standard lecnne formar Allemats e Lo the standard
lecture tormat, such as “just-in-tuinie™ instruction.
team teaching, and classroont environments with
open-ended problems. would de-emphasize fote or
result-artented learning in 13vor ol more dealectical
approaches lo salving problem -

wrifuse more romprter and tfornation 1echnaliees
it the curswrdum 1o enhanee both the intellectnut
und the comprtationdl elements of serence and
cnemneermy edicatnn, such ds inierdain e compuier
sintlaviony and arttprc, t mielligent e, Furthermore,
undergraduaie laboratories should be continually
upgraded to include open-cnded cyperiments
employing new and emerging technologies as well as
tradtiional eyuipnient.

Tor jrnding avene 10 1 dinding NSF)

— acreme sulnragnnaliy suppesct oe taclis rastnn -

rroatl penenanen aud edug auonal cwperimentabon,
espectadds fin underwsadnaie «ducation Current
support s serously insufficient to meet the needs and
demand for curriculum ref'erm at all educational
levels,

— eacondee uides ¢radudte amd precollcee educationaf

companents in reseateh erants Besides the obvious
technological benehits, federally -sunded researeh
colleges and universtites has the potenual ¢l
contributing to the educatton of large numbers of
students, both majory and non-majors. Funding
agencies should develop methods for assuring that afi
sludents benetit from research pertormed at their
InsEwtions

Tiithe natranal sciennfic dcadership

— The Whrre Huuse Office nf Scient e und Technniugy

Policv. the Natinnal Acdademies ot Science and
Encin -rag, the Nutianal Science 8uard. and sumlar
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nstinitons and wreamzauons. siould assune
feadership mn assessing and respondmng (o the impact
of Federal researi-h fundine puficies on the
vducarional mission of U S. umversstres Since
teaching programs compelte with research programs
for many of the same human rescurces. alteation ¢
the balance ot the research and educational missions
of colleges and umversities 1s needed. Since Fedecal
tunding of research can have both posiive and
negative etfects on the educauonal mssions ol
colleges and universitzes. the national engineening and
svieanfic leadership should assess the impact of such
unding pecicdically and help assuce the health and
vstality of educauonal programs,
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PANEL LI

INCORPORATING NEW AND EVOLVING
TECHNOLOGIES INTO THE CURRICULUM

PANEL MEMBERS: Sullv Wood (Panel Chairr. Robert L. Brvant. Robert M Hanson. Anthony R.
ineraffea. John R. Kender. John 1. Lewandowski, Sue McNeil, Helen L. Reed. Ronald J. Rocdel

In the year 2010, a wide variety of technologies will interconnect all fevels of the education pipeline
and provide individualized. discovery-oriented learning opportunities that develop the
intellectual. computational. and physical elements of engineering, mathematics. and science

education.

VVISIONOF THE YV AR 2010
ANO BEYOND

Weensminn o future of technology-based. discosery.
anented learming 10 which disciplinary and geographic
Baundanes become less disunct through newworked. reals
nme teactng and research. Electronic lcaming Libraries.
Jirect access eiectronic media. and the integration ot
laborators and insirumentauon facilines proside
concurrenl leaming opportunities involsing simultancous
sudy and expenmentation. inquiry and vertication New
technologies faciliiale new forms of leaming. networking.
and interactlion among students and faculty. and redefine
their mutual roles in education. New Lechnologies.
together with advances 1n the cogninve sciences. provide
1he resources Lo address different leamme and teaching
~ttles. Technological and compuler literacy 1s nearly
universal, affording more and higher quality opportunities
tor design. open-ended problem solving, and other hands-
on expenences in precoll¢ge and undergraduate curncula
A wide sanely of communication. information. and
visualization technologies 1nterconnect all levels of the
educational infrastructure bringing more cohesvion and
woherence 1o the education pipeling.

KEY COLRSES OF ACTION
AND RECOMMENDATIONS

Umis ersity and cotlege administrators must recognize
that state-ot -the-art instructional 1echnology will be part of
the physical plant needed tor a twerty-urst century
educanon. Theretore. our vision 1s based on tundamental
changes and imnatives 10 two basic azeas’ nctworking and
wnfrastructure development. 3nd curriculum renewal and
leaming environments.

\etworhing and
Infrastructure Development

Computing and information tecanology on mosl
precollege and college campuses. more oftcn than nol,
restdes nasolated rooms and laboratones as stand-alone
resources responding passisely 1o student commands. The
full potenual ot contemporary 1echnology musi be
unlocked through universal networking and imaginatine,
wteractine courseware. Faculty must fearn to use these
resources ctfectively and to develop new teaching
techniques that help students navigate the network.

Actions recommended -~




Toincher educaton ntellectuad. cumpulanenas, snd physical elemnents ot

¢ngineening, mathematics. and science education

— create a Natenal Edycapon Netwark (INEN)Y aa Actions reommended —

mpormaiten  saper nghwax. et prenades access to
all catteees and muversiies. as well as elementar
anu sesonddary schawds The NEN would afford
uniormm gcce ~ e.g.. students. tacully, indusiry) and
would \upport 4 broad array ol information exchange

To icher educanon”

— assure that tenure and promotion «Hiterid are apphed
s0 ds 10 recognze and reward faculiy creativaty

sctivities, including informal communicanons. data
ITaNsmMIss 10N and manipulaton, real-lime experi-
menlation. remote sile INLErICOIOn. recrusting.

INEarporaiing new: I(l'IIHIIItIE_\‘ (in msiriction.
Without adequaie recognihon and reward for
instructional innovauons of all kinds. 1t 15 unlikely

adverusing. and so ferth. The NE™ would also require
deveiopmeni ot standards «*rules of 1the road 1 and

programs sor leaching users ettective intormation
IIJ\Iy.ﬂll!n

that curricular renewal and the development of new
learning environments «wall evolve as Quickly or
creatively as cumrent technology atready allows

To Ingher educanonand the NSF

Fothe NSF

— encotirage cnrdiedem snnavattons that focis on
creatviny and discencrv-orrented tedar nime throseh
technaoiuey Creale compuler-oriented discovery
laboratories that provide opportuntlies tor hoth
urnulation and infonnation manmipulation and physical
observauion and experimentation. ¢speciall» - ith
retnete site interaction. Instrucnional npov. uns
tailored 1o different cogmuve siyles and the use off
lechnology to tasies group communicalion and
problem solving are also encouraged.

== epaud precofleee and nudet eraduate pragranis that
s age hold e es af technoloes, especralls thse
that seppors explaration af allet it ¢ teachng gnd
fearmine approaches 1o address diiferent coenine
wndev New tcchnologies wogether with advances in
1he copnILv¢ sc1ences may “oon Provide opporunilics
I develap ivarning environments that are more
talared 10 individual teaching and learming styles. n
essence, Lhrough technology we mav reorient our
mass production. lecture-driven curriculum 1o one
tocused on individualized. discovery-anented
tearming Especially important are initiauves that
ourage wnnovalions INvolving bota networkiug
lvennologies and their ntertace with state-o1-the-art
laboralory equipment and instrumentation.

create a National Desien dnd Discovery Resaurce
aceessihle throuch the NEN that pravides a rich
resnurce of dessen evamples. pronlem seits,
cperimental data and restdts, and other imatructional
materials. This electronic tacility, a sort ol “‘on line™
exaploratorium, will make special design and
discovery resources available to all colleges and
schools that might otherwise only be available ai large
research institutions or government lahoratornies.
Encourage universities (o provide release time tor
facully 1o contnbute “netware” 10 the NEN ¢umcular
database, and NSF 1o provide graut <upplements tor
educational network sofiware, daia. video. etc.

To caver nmenr deenlators

— provide ricentnves tegislation for indusiry 1o 1)
contribrte new teclinology Jor unversities. alleves.
and K-12 classtooms. indduding matntenance and the
reeniur uparading of the informanon technalogy base
and iastrumentatron . and 2 provide support for
cmplovee wmvolvenent in and onirthurians 1o

vdttc atianal programs promate and expand pragrams jor undes ¢raduate and

secondary schood 1esearcn eaperiences and ather in-
deprh learmng eaperiences.
Curricula Renewal

und Learning Emironments

develop proviams 10 educate students and fuculry in
techniques 1o comhat infurmanan inerinad. such as
crinal injormanan naviguiion and information
J subsuilute tor hangs-on. expenenual leaming: rather. new svathesis.

lechnologies should be used 10 leverage all aspects nt the

The use ot technology 1n the cumculunt should not ¢
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fo-ae coedttahon Brais

= develap standards ihat em g aee 198580 w6 iemal
capeisaentdation and teschnolonedi i g
cwpecrdh wnli respecy o nemaasbing. gronp design
capertens e, onerdiscplinary subtects. and non.
wdattional degr e apsons

Implications for
Inereased Partivipation

A National Educanonal Network. 4 Natonal Devign
nd Discovers Resaurce, and an emphasiy an the
ievelopment ol sliernanse instructiondl methods all
wddress ivues of equal aceess. Thiv access would be
independent ol geographic locaton or institulion and
vould aflow more individuahzed inviruction to meear
dilferences 1n cogmine stvles Comequently. we believe
that & wetl-developed and well-inaintained neiwarked
lechnoioey infrastructure would provide srenificunt
apportunities tar largeted programy aimed al incredsing
Paricipation hy underrepresenied groups.
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PANEL IV

ENCOURAGING AND PREPARING STUBENTS
FOR CAREERS AS
PRECOLLEGE AND COLLEGE FACULTY

PANEL MEMBERS: Mark S. Mizrucht tPanel Chairy, Linda M. Abriola, Charles R. Doering, Phillip D.
Gentld Wendell T Hill, Carl R.F. Lund. Lynne Molrer. Mamidala Ramulu. Peter Sarnak

In the year 2010, higher education will prepare outstanding students for all aspects of faculty

careers at all educational levels.

LHSIONOF THEYEAR 2010
AND BEYOND

We envision a future 1n which engineerning.
mathemaucs. and science faculty are scuvely snvolved n
the preparation of future taculty at all educauc- al levels.
Teaching cateers ure viewed as open 1o ail members of
~ocicly hecause members trom all major demographic
eroups are well represented at all levels and disciplines.
Faculty are well-aotormed and well-prepared lo assume al!
aspects ot their academic challenges and responsibiliuies.
There are adequate resources for elfecuve eaching,
including wboratory space and equipment, up-1o-date
teaching and research facilities. and funding for both
research and teaching excellence. Good teaching s
encouraged and rewarded at all institutions. including
rescarch umiversities. Extensive interaciion among
umveriiy, college. and precollege teachers taciiuates the
iniegration of eaching and rescarch. Cumcula encourage
~udents (o think entically, creatively. and independently
st all levels Pedagogy 15 imponant botk In preparation of
laculty as well av in their continuing professional
development Persons wilh experience in other areas.
including industry and government. are encouraged and
prepared 10 1each. Subvantial etforts are made a1 all levets
1o idenuty. recrunt. 4nd retain potentiaf teachers,

KEY COURSES OF ACTION
AND RECOMMENDATIONS

The suceess of the current effons 1o revitalize the US.
cducational infrastructure depends on the commument and
collaboration of a number of communities. but mostly 1t
depends on the faculty. They. after all. teach *he future
leaders of our society and prepare those who, atier them.
willieach future generations. More imponiantly, long-ierm
success will depend on those new laculty who enter the
teaching profession within this decade because 1015 they
who will shape and define our cducational tnstitutions well
nto the next century. it s they who, i large measure, will
bring about the new paradigms needed 1n cducanon.

This decade. however. 1s also a time of unique
apportunity 1n the preparatron of the next generation of
new faculfy It 13 estimated that 48 many as half of the
tenured college professoriate will reure within the decade.
Further. only one qualified science and mathematics
teacher graduates annually for every ten schooi disiricts in
the country. Thus, with Successful recruitment and
retention strategies. the next generation ot faculty who
enter precollege or college leaching may Jo so
unprecedenied numbers. Funher. If adequate numbers of
persons from all sociclal groups are 10 be encouraged 1o
pursue teaching careers. then the demographic shifts 1n
cthnicity and gender of the future workforce. and s
consequernit etféct on socictal expectations 2nd demands of
conlemporary life. will need to be given special emphasis.




The educauon of siudents (n engincering, mathe-
maticy. and the seiences v cructal to the Nation”s future.
Equaily crucial. theretore, 15 the nced to toster an
ctiviconment that. by our ¢tforts and example, will mahe
1eaching carcers an attractive opucn. and then to provide
high quality programs for those aspIring 10 leaching
vareers,

Que visian ol the tuture requires fundamental changey
m three major areas: facuity development, encourazement.
and resources: desirability and perception ot teaching
sarcers: and cumculum development,

Laculty Deselspment,
Enesurazement. and Resoarees

Highly-qushified. enthusiastic, and wetl-iewarded
taculty as mie models are probably the most ctfective
INEANS [ alract siudents (o pursue lC:!Chlllg careers.

We recommend —

Foohicher edic utinn

- cstablidi significantiy moie endowed Chairs for
teachine excelience und enstiac tinnal sc halarshap.
especealiy for wenured. asso wate professars. The
Prospect uf recerving such near-term support shoutd
nduce some of our most falented assistant professors
tn aspire (0 broader accomplishments, and for those
tivudts who receive such chairs. propel them 1o
higher tesels ol academic leadership

congaieaee and sapport gencreshy the hest facudy o
teathoeniey-level Courses an enuneering. mathe.
maines. und the sciences The qualiy ol mstruction
during the freshman and sophomore years has 4
protound affeci on student recruttment and retention
tn generil, and, therelore. on the pipeline ot potential

future graduate students n particular, especially
Amerncanborn students. Indeed, we encourage
suppont for all engincenng, mathematics, ana science
taculty 10 participaie in programs and activitics to
mprove the yuaiity of their teaching and instruston at
all levels
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Lir the NSF

— manade suppot: jor faculty Jevelopment sabhaticals
Jur K42 teachers and <ommumin colleve instructors
at local 1nausines and universties o encourage them
o matntain hath their technical carcency and thetr
enthusiasm

encoxrdce faculty exchange procrams heiween
tesearch wniverstuies and undergraduate calleges 0
crossdertiltze escellence in teac hine and research
amone all instttunons.

Desirabilie and Pereeplion
of Teaching Careers

A recent survey of over 2,000 engincering graduate
students revealed that nearly iwo-thirds had no desire 10
pursue anp academic carcer. Indeed. since 1966 (reshinan
mlesest in faculty and research careers has declined
steadily by nearly 75%. While, undoubtedly, many factors
atfect carcer choice. one fact from fhese slatistics 1s very
clear — teaching carcers are not perceived as very
desirable tomnany siudents.

We recommend —

Forlugher educanon:

== wacredse siehstautiaily the numbes of favuliy from
anderreprescared ¢ooups Such taculty serve as
important rele models lor the tastest growing segent
of our society from which to recruit tuture faculty.
Further. we encourage suppont for continued study of
fields of engincering, mathematics, and the sclences
n which underrepresented groups already participate
in significant numbers $o as (o better understand the
issues and factors affecting their career choices.

develop presucious teaching nternships Jor
engineering, marhematics. and sy tence eraduate
students aspiring (o facultv careers in hicher
educanian. The intemships would be (o recrwil and
better prepase graduate students for their full
responsibiliies as (uture members of academe, and
especially 1o improve their abilities in effective
teaching and (nstructional scholarship.
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Fothe NSF Tos fundineg @ e s v bdine the NSFr

atted eenefuasirs -
= e AP R ABES nf QEants fur pre mdleee icds hers i

Mee fle e SIS 1O Purti 1 pate ot researcdr progdals
st Bl o e s B esrcnn e sudents B msder
wdderne careert

— eapund the wainces of suppurt fae dlassreone-gqualin
piecatieve srin gl materidy uid edin dtnmual
resources  For example. we encourage local
companies, colleges. or eovemiment laboratories 1o

ST CANS APt D artfarnted \OEence progs diits provide computer access Lo precollege vudents and

rrgeted ta demivstyy and clacy scrence and teachers.

toebumluney i ceneral. but especaulls tiose tareeted tas

mugden publie understandimy vf precotlee und

cofleee o ade carcenrs

Curricwtunt Developaent

Career sliraction is one issue, but tormal acadermic
Preparaiion Is another.
We reccammend —

Foolirer e aunscand the NSE

— mprove the guains of precatleee and under eraduate
astiaie ton Joss ael studenes, diereby cag mier aene nti e
studvmis tieconiader eaicer sasprecnllege and colleg ¢
facuiny Sapputtine. enthusiastic lacolty et an
vuample thal siudenis percenve tavarably Thers 1 no
MOre CONVINLINE MEans «1l demonsirating that 4
s g carcer s enjoyable. hallenging. and

arging.

crgniidye colighmigtive ucademt, proedms and
surncidunt dey rlopmrnt N e rngnrect g,
mathematioys. soieince. aind educa 1 focadis b ussure
heeh guals ansceplorars puep s of sindenss
amerested nn piecntlege tededin, The collegiate
preparstion ot students tor precollege teaching s the
mowt direct. etteclive. and long-lerm means 1 which

tngher education can alfect the quahity ol precollege
imstrucuon lor all students

devetsp curvicula a0 emphacze crons-diniplinars .
pPlulinopiical. and besnical diccinsmnt of
cogeciing, nuthematics. and (e scienies
Engincering. inathematics. 4nd the swiences must be
portraved ax more than a budy of knowicdge. but
rather as a human endeavor “ich in hiory.
philosephicat debates, and ~ocral implications.,
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PyVNEL

ASSURING CAREER PARTICIPATION
BY ALL SOCIETAL GROUPS

PANEL MEMBERS: Susan L. Brantlev (Panel Chairy, David T. Allen. liene Busch-Vishmac. Paul A.
Cun. David E. Keves. Diane Marshall. Carolvn W Mevers. Damel G. Nocera

In the year 2010. higher education will reflect the full range of socictal diversily, and careers in
engineering, mathematics, and the sciences will be viewed as accessible. challenging, and

rewarding carcers by all segments of society.

VVISION OF THEYEAR 2010
AND BEYOND

We eavison in the year 2010 engineering.
Mathemit s, and science profossionals trom all segments
ol Amenican soclety. who are percened as leadime
productise, ntezesting, and tewarding careers and lises
There 1v ready access 1o our disciptines regardless ol
vihinie . cender. physical, sociocconomie. ur cultural
ravkheround  fingineering, mathemalics, and science
cufficula ap all educational levels emphasize human
proce.es. reintorce equat access inclassroom techniyues,
and deselop & sense of community among all students
Introductory lesel undergraduate courses encourage.
mobivate. and invite students nto our lLields. and nok-
nagurs recelse high qudhity instruction sn the technical
disciplings through an tntegrated vutriculum, The
vducational inlrastructure provides leachers wiih training
and ¢ xpertine 10 prepare studenis &t an early age wib the
~halls necessary tor successtul vareers 1n enginecring.
nthematies. and science, including complemertan
technical careers sueh as technology policy and sclence
wurnalism, The reward and ¢ompensation systems in
avademid and industry reward mentorship actis ties.
~ommuinty  service. and  polical nsohement
Protessionzl advancement recognizes the carcer interesls.
~ocial voncerns, and personal needs ot diserse groups
wimia e laculs,

hEY COLRSES OF MTION
AND RECOMMENDATIONS

The <¢ngincerning. mathematics, and science
community cannot expect lll supportrrom society If large
segmenis of that wwcrety percenne themselves as
unwelcome and excluded Theretare. our siston ol the
year 2010 depends on systemic changes in three areas.
canching ihe pipehine. plugging the leabs, and career re-
entry

Enriching the Pipeline

The muage and evcltement ol engineering.
mathematics. and science must be enhanced. particularly
m the early grades. We must encourage continued inlerest
and study ot science and mathemancs ai all educational
lesels. regardless ol caseer purticipation. and especially o0
undesvepresented L roups

We recommend —

To hueher educanonund NSF

— cltaniaee e engiecning marhemanos, and
MEACE Jacdiy to wotk 11 parmersnp w uh educanon
Juentrx and precollege reacher s 1 I3 improve the
Juadity oy L ullegrure I nun ( enQIneerge.
myathemane s, ang the saiences to undercradugre
sndents preparne for piecatiece reaclung careers




cspecialiv an tne earlv erades. and 21 prepare fitgh
wnaliey matenials and tnstn ional awds for vhe K-12
aurricufum  Helping to improve the osverall qualiy ot
wacher preparanon and educational matenals tor all
K-12 studenis 15 the most direct. long-term action
university taculty could ° ¢ to assure greater
inclusion ot all segments ¢ ,ociety in careers in
engineenng. mathematics. and the sciences.

encourage more facuity (o tnreract with the news
medtd. 10 educate journalists und other public
mumicatars tn technical matiers. and ta
Aunate the resuits and tmportance of thewr worl
mate directly to the puble  Encourage principal
avestigaiors ot NSF granis 1o disseminate their
results 1n public 10rums as well as in lcamed journals.

cindand direct communtcanans wih precoliece
~ o cuts threuch such medns as v eeldy nen s repares
fo : Schotasie Weellv Readert, relevistan progranes
uhout sciencr and tech-glogy. or tomputet
uetwarkine with local untverseties und tndustries
Expand outreach pro, ums or exlension courses tor
parents and the local school communuty.

Plugging the Leaks

Recruniment is ane issue, retention 15 another. Too
manv ~tudents d4re lost ta careers In engineening.
mathematicy. and 1he sciences by unengaging cumicuta,
1solation. and lack ol guidance and mentonng.

We recommend —

Teshgher edin etion

— ratraduce mare fleahidity and indrvrdual career
development 11 the applicattan of tenure and
promotion critenta. including, for example part-time
tenure-rrack posinons. There 1S a signif ot need to
recognize dependeanl care. partner employment. and
non-tradiional career paths 10 encourage more
persons from underrepresenied groups into academic
positions. Greater recognition must be given 1o the
importance and demands of role models. to those who
successfully recruit members of underrepresented
groups snio the drsciplines. and especially to quality
teaching - perhaps the one acuvity with the greatest
1mpact on student interest. recruitment. and retention,

— Jdeveiop meuns hevond suwudent evaluanons 1o provide
professianal. peer-hased feedback ta the faculiv on

the quattiy dad cliectoeness of thew teaching.
espectally with recard to thewr ¢ ffeciveness n
1eaching members of unuerrepresented eroups . d
~on-tradittonal sirdents  Most universines :nd
colleges have tacully and statt on ther ¢campus who
are skilled 1n such evaluauons. bul. sadly. they are an
underuulized resource.

— expand support programs. such u$ need-hased
eraduate felfowships. undergraduate scholarsheps.
formal mentonine. and wronne procrams \nvolving
taculiv-student and student-student 1nterar tan, far
wmermhers of naerrepresented eroups

Tos higher educanon ana NSF

— reshape and revialize the lower-division. under-

¢raduate curriculum  Since the amtnmoa of
undergraduaie siudents 1s greatest i lower division
courses. Ihis cumculum level most needs atlention.
In large measure. atl faculty need lo teach less. and
uncover more. Introductory-levet courses must
emphasize scientific concepis more than isolated
facts. including the development of courtes that are
more interdisciphnary. discovery-oriented. involve
teamwork. and employ problems of interest and
relevance Lo the students themselves.

encatirage \muaiives 1o foster ireracnon hetween
faculiv 1 edusvatros and i techmicar frelds.
Collaborauve educuii. .ial research on the pedagogy
of science and engineermg should be strongly
encouraged. and scholarly pedagogical experimen-
tation should be an ¢xpectation of the taculty,

establish more flexihle curnicuia for ull snedeats. Al
students need 1o have more oportunity to flow into
our disciplines apan trom the traditional. highly

sequenced. lock-step curriculum. Prerequisites
should not necessanly impede a student’s progress:
for example. we suggest siudent tuloring teams be
formed in classes with prerequisities in whrch
students will help fellow 1eam members with
prerequisite ma -l they know best. ano vice versa.
Further. we eacourage special attention to
instructional inpovations tor non-traditional students:
for example. computer graphics and display
tcchnologies developed for the heanng impaired not
only assists this group of underrepresented students
but may also lead to new leamuing environments of
broad appiicability 10 ali students.




T NSF

= comvader wevunenonal v ecuds ue aclievement in
DHARA o of KA e1IOPIeSERICd LI ORPS 11 Seience
Maffiemane s and eaginegnin@ ds pait of the
cvalaran tor fundine foe NSF research and
edbrcannt eranis

Lareer Re-entn

Facults. wtudenis, snd protessionals who leave
CRRIneLnng. Inathehtahics. Jad the sciences musi be able 10
¢ enier and ennich the proter on with the diverats ol
Shair experrenves

Werecommend —

Tevbezhes edincanon amg N ST

— oreare felloaspup and eoant proerams wregered ar
ERCAUTSLIAC Juc ity and stidenis (o re-enler
awadenic proeiams

vieate mae fleuble deeree-veununy provrams that
decnmmadate sipdens with non-tradional mierests

develop comses ¢sclisivels (o non-mainrs that o ite
naurcpatinn an Saence, mathematies  an!
vhwrneermie  Such courses ¢an also erve the dual
furpase ol increasing sCientihic and 1echnological
leracs among non-majors i general,

pravide cncairacement and preeroms 1o prepase
techmical projessionals i both acadenig and industry
whi wish i teach. even remporagiih, mn the K42
walem

e enrdee e mdeestial v ole ardels ca teach pare-
me su o tahe sabbane als on oolleee gnd wan ersin
wdmmises
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DEVELOPING YOUNG FACULTY
DURING THE CRITICAL YEARS TO TENURE

PANEL MEMBERS: Demce D. Denion tPanel Chair). Jimi Golden Lisa-Noelle Hiellnune. Karlileen C.
Howed. R.J. Dwavne Miller. Mark A. Prelas. Deborah L. Thurston

In the year 2010. higher education will encourage and value a broad diversity of faculty
scholarship, especially in instructional excellence and public service.

VVISION OF TIE YEAR 2010
NI BEYOND

We ¢nvision an scademe where soung facully
deveinp their early academic talents 10 *n environment
supportive of iIndinidual 1aculty inieress and abilies. The
physical and (incal intrastructure supporting higher
cducanion prosides adequate support tor bath qualny
research and instrucion, Students siew their taculiy as
having jobs (hut J4re 1un and rewarding Semior tacully
view junjor faculty development av g primary
responsibility  Tenure. promonion. and relaied reward
crieria are applied with more regard 10 individual's
contribut: sns 10 an institulion’s overall scademic mission
Alt aspects of scholarship in ieaching. research. and
~ervice are truly recogmized. The watus of caching in the
univeraty 1« eles sted. and young persons entering Lhe
protessoridie do o because they want 10 1each and inspire
all siwgents 1o higher achievements.

KEY COLRSES OF ACTION
A\D RECOMMENDATIONS

Qur ~ivion iy predicated on tundamentat changes in
tive greas the tenare and reward sysxiem. Lhe s1atus ot
1¢aching 1n the unisenity, the availabiliy ol instrustional
and research tunding. the protessional developmeni of the
1aculty. and the qualiny of faculty bfe.

The Tenure and Reward System

The 1enure. promotion. and reward sysiem 1S our
greatest barrier 1o 3 better tuture Tenure guidelines
uniformi, denote that teaching. research. and service are
1he crilena 19r tenure. |1 1s Our experience. however. that
1he road 10 tenure 1 marked research, research. research. 1
1s common 1or young faculty who excel in leaching 10 be
chided by their senior colleagues lor “w asung 100 much
time” on such an endeavor: “l1won’t get you tenure.” This
must change’ The 1enure system af present conrines the
faculty 10 a narrow spectrum of acinvity  Although
individual research programs may differ dramanically. this
unlikely that an owiside obsener would view our faculues
as diverse. This lack of diversity 1s exhibited 1n vex, race.
and breadih of intelleciual pursuits.

We recommend «—

Tohithered  on

— adhere 1. he prue spun of tenure und promoian
«riteria Excelience and quabiy at pertormance in
teaching. research. and service must be truly
encouraged. valued. and rewarded. Further. we
encourage inclusion of members ol andemrepresented
groups On ienure and PromoLion commiltees for
candidates trom these groups.

estahlish tacairy career derelopment muayrams bused
on mutuafly defined msuiuetiongi and \ndividual
Jucui v eoals. Such programs should incorporate




tormal evaluauon procedures. periodic 1acuity review
w4t least annualivi. and require mutual instirunional
and indis sdual accountabiiny

= reynve anternal and external peer-review of o
candidate s qusrructional v omphshmens In
addition 10 siudent evatuanions. we suggest classroon
visiis by tellow tacully. alumni evaluations. and
nternai and external peer-review of insiructional
materials and other disseminable educational
rroducts, and refereed pedagogical publicauons.

Fothe \NF

= cunree Prwcpal s esiearons qo adinte 1o ihe e
spred of dne Ipentaace of Edacatn and Human
Resumees vequred an all NSF erani appl attens
per fmpotang Notee Vo 107 and GRESE MNSF S0,

Tr o toumpun ¢ the quealiy nsiongi dist thuarens,
weffectneness of the Nation v 3 rentfic und
enneeng 1 esearch. edrugation, and warkforce
Principal investigarors musi tuly seek innovanve and
cttecline ways 1o disseminate the resully of therr
research 1o uif students, Lndereradnate purticepation
Sy deseatcrassistants on NSFogramts 15 not enou el
Attenuon must also he direcied 10 the large and
imporiant majoriy ol students enrolled in the
undergraduate curriculum. We encourage all NSF
Lt and resiewers 1o consider the educational merils
ot research an preliminary  proposdls. arant
APPUCIUONS. sile vIsILs, aNd progress and final reports.

-~ ussuce leng-rerm. facnitvenniented spport faon
custrcttonal esperimentation and edwe stional
snmanans We believe it 1s imperauve that the NSE
adhere 10 the true spinit of ity Statutory Authonity” . "0
ilibiale and support basic sciennitic research and
Programs o streagthen s fendtfic 1esearch poteniral
and suence edieatton programs af all ievels in the
inathematicdl. physical, medical, biological. social,
J4nd other sciences. and 10 INiLiale and support research
Tundamental 1o the <¢NEINCCnng process und provrums
o sHengriien engineei my 1 osearch putential und
vueIcering edicatiun programs ar uil levets 1n the
vanous liclds of engineerine, by making contracts or
olbier arangements (including granis. loans. and other
LOrMS OF IS ISLINCCT 10 support wuch s¢ientitic.
engineenng and educduonad activities. 1NSF Act ol
1950: 42 U S.C. 318611 Emphasis added.

For complele excerpls of Statutory Authorns sce ple
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The status af Teacking
in the Laihenin

According 1o MIT President Charles M. Vest: *...there
15 onc overriding constant that 1 absoluiely cnncal 10 the
future, and that ts (e creanon and dissemination of
knowledge 10 new generations o1 yvoung men and women.”
Creauon and disseminaiion ot knowledge - research and
teaching. These tw o complementary and central endeavors
of academe musL be given equal weight. Sadly. it 1s our
belief that the preterentral siatus ot research over teaching
in the university has degraded the quality o1 insiruction for
Eenerations of doung people. We belseve thar the status o1
leaching in the universiiy must be eies aled 1o equal that ot
researcn

We recommend —

Toducher edu atiem

— tewurd teachine vs hath o privileve und o
responsibtiis of the facnlin: Faculiy who can not
teach. should not teach. Lt 1~ the responsibility of
universily administrauons o assure that academic
programs arc statted by well-quakified tacuity and 10
provide guidance and assislance 10 those 1n need of
improving their pedagogical skills. We encourage the
creation of incentis es that provide rewards and
resources Tar use cither in imstructional or rescarch
nNOs ation for those who eveel inteaching,

Torthe Natomat Scierc e Fovadaiton

— wcrease the NSF hndgel for muder craduate education
sithstannally In our opinion. the mosi tmportant
contfibulion NSF can make 10 clevate the status of
teaching on the unisersity campus 15 to provide broad-
based. faculty-oriented programs lor ligh quaitly
tnstructional  ¢wpertmentation  and
educational scholarship.

creative

modifs the Presidenital Youeny I estigaror award 1o
hecome the Pressdental Yonne Scholur award 1o
recoeniie voune facdn wha excer i both teachine
und s¢search In s present 1omm. the PYT program,
unlortunately. reintorces dhie lesser siarus of teaching.




Wwailubilin of Instructional
and Reseurch Funding

Research and teaching are mutually supportive
activines. They are atso. jointly. the primary
responsibilities of young faculty. However. the
inadequacy ot funds for research and instrucuional
wcholarship, especially the latter, has resulied in an
inordinate ¢ tfort 1o secure adequate funding. This has
particutarly degraded the quality of teaching. The decline
in support for higher education has added an additional
cnitenion for tenure: grantsmanship and fund raising. This

state ot affairs nenther supports nor encourages qualuy
andergraduate education
“We recommena —

Johigher edicarion and the ASF

— estahhish dependahle. Inng-term. hudgeted support
ror Jaculty wunaied research and instricrionad
tnnoranon Higher educaton must assume a greater
responSibility for support of its research and
instructional programs beyond normal teaching
acuvities and facihites maintenance. Similarly. NSF
must (ulfill ns statutory obhgation 1o support rescarch
and education in science and engineenng consistent
with their coequal importance.

provide adequate sIart-up resnurces 1 saung facultv
to rmnare their research and reaching programs
Young 1aculty must be encouraged to atrract both
undergraduate and graduale students into research as
well as infuse new perspectives into both the
undergraduate and graduate cumcula.

Tahigher educanan

value and reward peer-reviewed funding for
educutinnal innavarion equally wun funding for
disciphinary research

Professional Development
nf the Faculty

Young faculty today are poorly prepared and lack
adequate support 1o assume the full responsibilities of
academic Ivfe. [n large measure. young faculty are teft to
their own devices and therefore doomed 1o repear the
mistakes of ‘heir predecessors due 1o inadequate
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instructional preparation. tack of senior taculty gui. ace.
and nsutficient linancial support.
We recommend —

Tn lugher educaan and the NSF

— support asiruciinngl 1nternships (o hetter prepare
graduare sidents for facultv careers in higher
education. and ¢spectally 1o enhance thewr future
reachtng effectiveness and tasiructional scholarship.

To higher educanon

— estahlish tormal scainr-nior tacults menloring
programs ones 1ha1 heens with the nirneg prox ess and
are gnded By the mutual pairing of the interests and
ahihues of individual faculiv 10 the broad misston of
the tnStitution

— provide special dtfenrion 0 the mentortng of
underrepresented groups. Their lack of participation
inour fields and their growing promiaence in the
future workforce of our society mandaies special
atienuion to insure that they flountsh in an academic
environment.

Quality of Faculty Life

The qualuy of faculty hfe profoundly affects the
productivity and career longevity of soung faculty. Central
to the quality of faculty hfe 1s an academic environment
that provides an adequate capital and human resource
infrastructure 10 support high guality faculty instructional
and research inittanves.

We recommend —

To higher educanon’

— recrun and retain faculty mare aggressively from all
saciesal eronps This 1s probably the single most
imporiant action 10 promote greater diversity in
professcrial contributions to the broad academic
mission and 1o enhance wider student and public
interest in science and engineenng.

wap and start tenure clacks more flexshiv through
leaves of absence that recagrize the realuv of
«antemporary jacuity ife. including parental and
persanal ablivanons, and special apportunities for
teaching.research. and professtonal enhancement.
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werease substantially capital expenuiinies w assure
an adeguare educanional and research tjrasirue re
und overall gualiy learming envuinment

establisii racultv commitiees o evaluate and meutor
the qualire uf facudiv iife. Such commitiees could
tocus un 15sues related 10 flexible tenure clocks and
tormal leave policies for suchissues as parenial leave.
“bridging” research Icllowships. and personal.
protessional, and teaching leaves of absence.

Spreeial Becommendation

In addition. the pane! otters 4 suggestton simed atone
veniral and 1nportant concem about the health and vialiy
ol our profession - altracung outstanding students 1o the
prolessonaie 1o 1nsure a qually educatonal and research
intrastructurce of the tulure.

Tot encamiruge voune pevsads (o enter academma, the
pantel rectmmends o lreher education

— wprene substannally the gualiy of instrucnon and
guatits of Bife af undergraduate students. and, by our
efforis und example. enconrage them ro pursue
eradneie swdres and fuculn caveers. This 1s probably
the most etfective action we could take to the
betterment and health ot Gur protession.
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NSF's Statutary Authority to
initiate and Suppor Programs in
Engineering, Mathematics. and Science Education

NATIONAL SCIENCE FOUNDATION ACT OF 1950.
AS AMENDED (P.L.81-507: 64 Stat. 149

AnAct

Tu promote the progress ot science: 10 advan  ne national health. prospenty. and welare.
10 secure the nauonal defe . and for other purposes.

Be ot enactcd hy the Senare und House of Represcnratives of the United States of America mn Cangress assembled. That this
Actmay be cited asthe "Nauonal Science Foundation Actof 1850,

Functions of the Foundation (42 US.C. §1861)

SEC. 3 cartl) The Foundation 1s authonzed and directed 10 iniiate and suppon basic scientific research and programs to
sirengther, scientilic research poienuial and science education programs at all levels in the mathematical. physical. medical,
biological. social. and other sciences. and 10 ininate and support research fundamental 1o the engineering process and
programs to ~iréngthen engineenng rescarch potenual and engineening education programs at all levels in the vanous fields
ot engineenng. by making contracts or other arrangements tincluding grants. loans. and other forms of assistance? 10 suppor

suchscrenuizic. engineenng and educational activities.
NSFSTATUTCRY AUTHORITY AS AMENDED{(P.L.99-159.99 Stat. 893)
Policy {20 U.S.C. $391 1)

SEC. 10 tas The Congress declares that the science and engineering education responsibilities of the National Science
Foundanion are —

h 10 umprove the quahity of instruction in the fields of mathemaucs. wciences. andengineenng:

10 ~uppost research, fellowships. teacher-facully-business exchange programs in mathematcs. science. and
engineernng:

1o 1mprove the qualuy and availability ot instrumentation for mathematics. science. and €ngineering INstruciion:

10 encourage parnerships in educaiton between local and State education agencies. business and industry, colleges
and universites, and cullural and professional institutions and soc:eues: and

1o 1mprove the quality of educativnatalf levels n the fields ol mathematics. s¢ience, and engineenng.
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NATIONAL SCIENCE FOUNDATION
Directorate for Education and Human Resources
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PRESIDENTIAL YOUNG INVESTIGATOR COLLOQUIUM

U.S. ENGINEERING, MATHEMATICS, AND SCIENCE EDUCATION
FOR THE YEAR 2010 AND BEYOND

Washingion. D.C.
November 4—6. [990

Caollogutum Address in

Dr. Charlas M. Vest
President
Massachusetts Institute of Technology

Guod evening. | am dehighted to olfer my greetings
this evening 10 such a remarkably talented group. In so
doig. { am reminded ot John F. Kenned¥'\ lanious
frecling 19 an avsemblage ot Nobel prize winners at the
While House. He looked out over the illustnous guests and
commented thatthe room had never comained such a vast
array ol talent and accomplishment in vo many fields -
with the excepuion of those evenings when Thomas
Jefferson used to dine alone.

I have sonielhing of the same Ieeling as | see all ot you
here. knowing that you represent the best that this nation
Ras to otfer You have every reason to be very proud of
rour gecomplishments and to look 10 your professionat
tutures with confidence and excitement. It s abo  that
tuture that | want to speak this evening,

The Academic Life

| am pleased and comtorted by the tact that s ou have
<hosen 10 pursee academic careers. Our nation and world
-rv out for leadership, and faculty members can. by
fetininon. provide avery cntical <omponent of leadership.
| have observed and studied the nalure ot academic
life lor many years. My awn tather was a protessor ot

mathemanics and my great uncle - o sort ol surrogate
grandrather (0 me . was an engineering protessos ind
president ol asmall college. |, too. chose ihe academic hifs
and | have a hard ume envisioning any other calling tor
myselt.

I must say. thougn. that during the last half of this
century the life ol protessors has changed dramatscally.
The conplexity of this hife. the expectations of us. the pace
and poliucs of the academy. and our connections beyond
1ts boundanes have all changed greatly. On the home front,
many of you are in dual career families, jugglng
competing responsibilities of family and work, and T know
that this creates burdens that few ot us in my academic
generauon had 1o bear  This fact s but one reflection of the
changing 1ace of America. which 1s represented 1n our
unisersities i the increasingly diverse gender. ractal. and
ethric makeup of our family and students.

The increasing richness and complexity of university
Itfe 1s a far ¢ry trom the iradinonal v1ew ot the academs .
Someumes we are called upon by both critics and
colleagues o return to the golden age of universiies. but |
don’t believe that the golden age ever really existed. And |
don’t believe ac would really take that option if it were
presented 10 us. Life in the academy today 1 filled with
rencwal. increased and varied opportunity. access to
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sophisuicated laboratories and computers. grealer
producuvity, better monetary rewards. a more diverse set
of colleagues. and more opportunities for travel.

Inshon, 1 believe that the academic ife 15 sall the best
hife there 15. In spite of all the changes. there IS one
overmndsng constant that is absolutely crincal to the fulure.
and that 15 the creation and dissemination of knowledge to
new generations of young men and women. You will look
back a few vears hence and observe that your relauons
with students. your influence upon them. and your pnden
iheir accomphishments will kave been the most rewarding
aspect ot your professional lives.

Twitl have more (0 say aboul teaching and the balance
beiween leaching and research later. but let me begin with
one Simple stalement. Professors shovdd protess. his hard
10 think ot anything more 1llogical than to become a
universiiy professor :f one does not want to teach. So if
you do not want lo teach. you should immedately ook for
another job. If you don’t get a thrill out of seeing a
studen:’s eves hight up with understanding. and 1f thie
1hought of always having junior partners around ~~ young
men and women 10 inspire you as well as to draw
wuslenance from you — doesn’t hold strong appeal lor
you.thern perhaps you should reconsider your commitment
to academia.

Now let me continue under the assumption that not
100 Many ol you are left with an uneasy feeling by this
slatement.

Opportunity and Servive

Although it may be increasingly difficult 1o discem. 1
believe that being 3 university professar s a calung. L is a
calling toservice 1o our society. One of s pleasures comes
n recognizing that what we do 1s tembly imponant ~ that
the future depends 1n large measure on how well wedot. |
hope that you share this belief. because 1t can sustain you
through some of the difficult and lonely ames of your
fives.

Defining the Future

What you do as engineenng and scrence educators has
far-reaching consequences. What you do will affect the
quahty of the lives of your siudents. And from your
laboratores and studies will come the 1deas that will shape
the intelleciual fabne of the future and can greatly affect
ihe strength and vitalizy of our economy.

Wherever your individual careers rake you. | hope tha
yau will be bold and that you will tackle the problems that

appear 10 be ot fundamentat imporiance to you. The
quality of your accomplishments will In large measure
denve from the depth of your beliet in their iImponance.
Simularly. your ability to play a caealylic role in the
research and studies ot your siudents will depend on the
depth of your scholarly commitment and behef in 1is
imponance.

The Research Laiversin

1 would like 1o spend a few moments talking about the
setning in which many ol you will spend your careers —
the research university — 4and 1he question ot the balance
of teaching and research.

Many o1 vou are laculty members at research
universinies. Those of you who are not are probably
products ol research universities, | cannot speak about
seience and engineening educanon without offering a few
comments about the U.S. research untversuy. This is a
uniguely American invention. And In my view this
invention 15 the secret of the success of our higher
education system. [ndeed. | believe that our university
<ystem Is the envy of the rest ot the world. Here are the
pnmary reasons:

I. For many decades Americans beheved that higher
educanon was singularly important for the
betierment of their children’s lives and they were
wiiling 10 1nvest public. pnvate and personal funds
10 create. sustain and enhance our public and private
systems of universinies.

The wonderful and unique blending of graduate
education. undergraduate education and research
that occurs in our leading research universities
creates an unparali¢led opportunity for leaming and
expanding one’s horizons.

Our system. unlike that in most other parts of the
world. provides great opponunity for young faculty
members 10 quickly involve themselves in all levels
of educational and research activities as full
partners 1nthe academic enterpnse.

We have a decentralized system of autonomous
public and private universities that allows for
¢spenmentalion. variation and change.

Finally, although it 15 the bant of my existence as an
academic adminisirator, 1 believe that compention -
the competition of universities for faculty. and the




sompelition of taculty members lor research
LUppOnt on the basiy 01 peer review — s Lhe deast
that heeps our system strong.

Our ssstem ol higher education. 4nd aur research
unis eralies m paricular are under a 10t ol enucism these
davs >eme ol our cutics are sensaticnal and strident.
(Nhers are thougniiul, We should listen 10 them and think
about whill they have 10 say. We musi be walling 1o betler
ciplain to them and 1o the public what we do and why 1 s
ymponant. We inust also be willing 10 make changes where
<P CIICS e COMmECt.

Balancing Qor's Career

There v much discussion 1oday hoth within and
suiside ot e scademy sboul the balance between
waching and sescarch Some may regard my view on this
mutier ta be hopelessiy ald fashaoned or unrealishe.
Nonetheless. I wall snare it wath vou, A | do so. you might
remember my earhier statement that of you don't want 10
teac B, voushouldn € prolessors.

However. having said this. | beheve that research s
1undanientsl 1o our acuvanes. Following World War 11 this
nanon made 3 basic decision that ss universily system
would become 1y research snfrastruciure. This remains
wue loday. and | beheve that it 1s in our best interest that 1t
‘emnain tree | turtner believe that the primary reason that
a¢ stiould do resedr$hin universities s that it 1s & lom o1
redenmne It cendinly s 4 orm ot leaming 1or each ol us,
bat it aiso should be an sntegral part ot how we teach
2radiate wdeniv. snd undergraduates as well.

| beleve that over the long run, it requires the
disciphine. jov snd continual renewal of original research,
scholarship or other creauve intellectual activity 10 keep
hnvels and successtul leachers One may siart out as ¢n
elfecus e and even hnlhant teacher. but without the kind of
«ontnuous fenewal that research snd scholarship provide.
one will not grow in wisdom and breadth, and over ume
may tose rather than gain in effectivenessas ateacher.

Now how do we batanee teaching and research ® Must
nre be cqually sdept st Hoth? Should you pul the
Jevelvpment ol vour 12aching vkills on hold unul ¥ou
receive lenure ' Doesteaching count !

A\v nenest answers are: | don’1 know Probably nol.
~No. Yes.

Questions sboul the balance between teaching
1w hether 1n the classroom Of the lsbaratorvt and restarch
nust be answered balhnstituiionatly and personally. Each

oshiution must decide lor mself what the overall balance
ol whivities should be. and then whelher this balance
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should be met within cach tacubly meinber. or whether 111
mel by an appropriate mix ol lalents and acuvines across
is enufe taculty. Similarly. each individual must decide
what Ius or her balance should be and whether this should
be accomplished by a ¢onstant balance throughoul cach
sear ot one’s career. of simply as integral in one’s
dcltivilies over an entire career

| won't answer this for you, bul | sill state my own
personal preference 10 MaINLaIN & sIFONE COMmIIment {0
both teaching and research ai each stage throughout one's
carcer. | would also wam that if one prefers 10 emphasize
research more n the carly years of his or her carcer, 1t must
nol come at the expense ol leachwp poorly That 15 an
abrogation ot responsibihity. The qualits ot one’s thinking
and work are alfected by habus and approaches developed
very early on. [l 15 2 1emible mistake to think in terms of
posiponing the development of teaching skalls unul later.
for exainple after enure 15 camed. Given my view of what
professors <hould do and the nterrelanon between
teaching and research. that s 2 little ike saving “1"°1l go
out and wnite a wonderful computer program. and afler i 1s
compleied |'Il leamn the programming language.” Don 't do
it. Rather. devote yourself 1o excellence 1n all that you
undertake.

Does teaching count for tenure? That 1s probably the
queshion most frequently asked by assistant professors.
The mosl Phely answer 10 that question in each of your
universities 1s that. yes. it definitely counts — probably
more than you and many of your depantmenial colleagues
think -— and probably less than 1 1deally should.
Funthermore. | would guess that its role In the evaluaton
of candidaies for promotion and lenure will increase
dunng the years ahead. We need 10 do a much betier job in
assesaing coniribunions 10 teaching - that is. lo the effective
learang of stidents 1n our own nstiutions and. beyond
1hal. 10 siudents 1n this couniry’s educational system in
general.

The Challenges

This brings me to my next poinl — the problems in
pubhc educauon and 1n social divisiventiess that set the
context for higher education in the United States today.

Our educational system 1s in deep trouble, We all
know 1hat within the iniemanional contexs our students on
the whole are consisiently at or near the bottom of the heap
in objective tests of mathemancs and scte ice at the high
<¢hool level. But this 1s only one manifesiation of the
underlving problems. Let me give vou a specific example:
115 one that would be roughly duphicated 1n most of our
large cunes.




In 1987 in the Detroit Public School System. 23.000
students started into the mnth grade. Four years later 6 70
ol them gradualed from high schoal. OF 1hese. 2.800 teok
the ACT examinauon. And just over 500 of them scored
19 er higher. Henee. trom an input of almost 23,000
students 10 the minth grade. only about 500 emerged with
any hope ot advanced education of any sort.

A leading Japanese businessman recently was asked
what were the most positive and Ihe most negative laclors
affecung the ability of the U.S. o compete in the world
markelplace. He answered thal our greatest strengili 1s our
untsersities. and that our grealest weakness 1S our pnmary
and recondary «chooi systems. | ngree. But how ¢an it be
nat aur higher education 1s the envy ol the rest ol the
wurld. ang our K-12 «stem 11 considered lo be interior® |
have alreads ~spaken of the sirenglhs ot this countrs s
unisersty syatem. L will lease it up (0 you s Citizens {0
Jetenmine w by our K- 12 svstemis farlng. The point | wish
to make 1v thal thiy siwauon 1s not stable. The contnued
degeneration ol our K-12 systetna if uncheched. will
evenwally destroy our higher education vy stem as well. or
atleast render it increasingly irrelevant and ineffective.

This has 10 be qur common concern. In our
protessiondl hises and 1n ous fises 4y Citizens. we must
recagnize that there s & single spectrum of education
starting i hindergarten uf not eather sull) and extending
through postdocioral education U'ntil Ihis nation wakes up
10 the 1act that It musl tncrease its pvestment in human
capiial — m people and ideas — nur education system will
spiral Jow nward. pulling our cconomy and way of life
withat This 1va danger of the hirst magnitude and we mus
Jil work for us solution.

AR even more fundamental danger. in my view. 1s the
ncreasing bifurcauon of our society into rich and poor.
and the increasvingly contentious splits along racial and
ethnie bines. The first steps toward resolving these jssues
are 1o really understand how the face of this nanon 1s
vhanging and t0 ash how we can best respond o this inour
personal and protessional lives

Let me review a lew staustics that [ assume you are
already tamibiar with-

— Today s school population 1y 74% white. 14%
Atnican-Armerican and 9% Hispanic- Amenican, By
the year 2020. when vou will be ensconced in various
leadership positions. this protile will have changed
greatly The school population will be $2¢ white.
20%  Ammcan-Amencan. and 4% Hispanic-
Amencan.

Siaty-line percent ot the entfants o the L S, labor
lorce betore the sear 2000 (just ten wears henees wall
be womet only 15% will be witite males.

In 1950 there were | 7 active workers m the U.S. for
¢ach retired person. By the year 2020 there will be just
3 gctive workers 10 support cach retiree.

These are quite dramatic changes and our educauonal
and enterprise systems must recognize them. We are
beginning to do so. bul much of the burden will fall upon
YOUr ENCHILION.

Now | would hike to consider speeifically the so-
called pipeling ot sludents Into seience and engineenng.
You have provably scen these stalistics many umes. and
have undoubtedly addressed them ar this mecling
However, a Intle redunditnes won t hurt wlien the message
18 lhis important. And the message is that it is absolutely
essennial 10 our cconomy and our society that we produce
engineers and scienuists.

— The NSF predicts a shoritall ot around 700.000
scteniints and engineers by 2010 In 1977 there were
4.000.000 high school sophomores 1n the U.S..
730,000 of these students expressed INICTEAL IR science
and engineering careers. In 1930, when this cohon
entered college. 340.000 retained this interest. By
1984, 206,000 had actually graduated tn scienutic or
enginecring disciphines. Only 61 70 ot these men and
women cntered graduate 0ot In swience or
engineering. By 1991, just 9.700 will graduate with
Ph.D.s.

I know that we are a selectine bunch. but to have only
0 2% u! these students end up with doctoral degrees in
\elenee and engineenng does not bode well.

| have taken my personal enthusiastic and altanstic
view Of the academic hfe. added to 1t a sense of urgency
and finally spread some doom and gloom statistics. What
15 my message?

[11s that we need you. that what sou do 1y very
important. and that you had better do it well and 1n a
manner thai retlects the reanimies o the world around us.
but that you can look forward 10 enjoyment and tulfillment
Js vou take on the challenges.




Education in the 1994

Why do we need you! What zre the chalienges of
education inthe 1990s!

The world 1s changing rapidly and in ways that are vo
lundarmiental as 1© be without precedent. \We have already
discussed the changing racial. ethnic. and gender mixes of
U 5. students and of our workforce. But we musi also look
10 even greater forces of change. The world poliucal and
economic order ol the 1990s will be dilferent than any we
have experienced in our history. \We are connecicd
vconomucally. physically and poliucally in ways that have
never betore been The case. Al the same tine. the nature ot
b and the qualifications and skills they require s alvo
cunemg  rapudly NManutsewrning  processes  are
ancreasingdy snphisticaied. the sequisition and unlization
ol new hnowicdge 1s hecomiug the primary basis ol
commerce. and  mMerging working modes require inenial
agility . Hexibilies ot approach and judgment sills. olen
quanutaus els based. Yel. as we have discussed above. our
populace 1 headed in the opposite direeion.

We must work togethier 10 correct This growing
dispanty beween the cducation ot our populace and the
realities ot the changing nature of work that will be
required n the years ahead. Tlhits 1y a task that will
ncreasingly fall on us 4s engincering. science. and
mathematies facultuies. We must work 10 assure that our
stewdsdship ol the undergraduate educanion ol our
populace 1s 4 wive and elfeciive one. Bul lurther. | believe
1hal we dre going to have o play some role in the reform ot
primane und secondary educalion — hy vpeaking oul. by
working on the local level. by developing urspirational
new curricula. by developing new cducauonal
technotogies. by fosiering inferachion with industry and
with reured seientisty and engineers. by ¢xposing school
studenis 1o our laboratonies. by demysiifying what we do.
and by opening discussions with siudents and faculiy in
other parts OL our Own campuses

We al MIT are very concemed aboul the problems of
scienutic illineracy and lack of numeracy. We have over 50
ud ho¢ programs 1o work with primary and secondary
schools. and our alumni and alumnae associalions are
beginming 10 work on the problems in various localities
ground the coumtsy. Yer we are siill scarching tor a way of
making shme really lundamental gnd lar-reaching
<ontnbLion 10 the betlerment ot «cientilic knowledge and
undersianding among young people | can ay.ure vou that

we will louk with great tnictest al the results ol sour
sorkshop.

(losure

Paul Krugman. a noted MIT economust hay just
published a very interesting book describing the nature ot
the vurrent U.S. ¢econemy and what possible future
directtons 1t may take. He titled his book The Age of
Dimnushine  Ewvpectanons.  His  exposttion s
straighttorward and non-ideological. but throughout t he
asks e hauntiog question “Why are we o satisfied with
the way things are?”

1T we are vatisfied with “the way things are”. then we
will be the wictims of @ number ot unpleasant selt-fulfilling
prophesies. | have taith that vou 1l nat be thus sansficd.
and that we can count on you  apply sour Lalenis and
abtlines wisely in the service ot your tellow men and
women.

Iwivh you well on your journey
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CHARGE TO THE COLLOQUITM

The charge 10 the colloquium 15 10 prepare a report focusing on six major. nterrelaicd vsues of special sigmificance 1o

L'-S. higher educanon to assurc high quality precoilere and undergruduare insiruction 1N ENZINEENINE, mathemalics, and the
sciences tor all students. The 1ssues are:

1y auaining and maintaining scientfic and technologscal literacy for eseryone,

)

encouraging curriculum renewal and the development o1 new learning environments. including faboratones and
tield expenences.

incorporating new and evolving technologies into the curnicuium. especially ntormanon and computer
technologies.

er.ouraging and prepanng students tor careers as precollege and college taculty.

15SUMIAE CAFEEr PAMLICIPALION by 2l societal groups. especially w omen. minor:ties. and persons with disabilines, and

6)  developing young collece tacults dunng the critical vears 1o iznure.

For cach 1ssuc. we would ike sou to 1) develop a vision of what the role of LS. mgher education should be in the vear
2010 una hevoad 10 meel the challenges and opponunities of cach ssue. 23 idenuiy the key courses of action needed 10

achieve that vision. and 31 make specific recommendanons 10 higher ¢ducation, 1n general. and facuits. 1n pamicular. the
“atnnal Science Foundanon. and others as idenutied by the colloquium

L ¢NCoUrage you 10 approach your Jis¢ussions trom a broad and Si1$10nany perspéctise. e are interested 1n s nurthoughis
4bout the tundamental. longsterm. and <vstemic factors atfecting the qualits of precollege and undergraduate instruction in
enginesnng. mathemancs. and the sciences well 1nto the next century  You shoutd consider all human resources. inciuding
persons pursuing careers 1 the disciplines. the sciennfic and technological literacy of all ciizens. and espectally
underrepresented 2roups who will make up most ot our society ot the future.

L—wH% T W

Luther S, Willams

Assistant Director

Direcrorate tor Educanion
and Human Resrurces

[
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AGENDA

Presidential Young Investigator Colloquium
on
LS. Engineering. Mathematics. and Science Education
for the Year 2010 and Bevond

Holiday Inn Crowne Plaza
Arlingion. Virgima
Novemper 4-6. 1990

SEADAY. MIRFVBER 4, 1990

Tyupm Registraion
TW0pm Welennie and (henicw

Or Luther § Wiihams Asuviant Director
Oreeitorate 1or Educ attan and Hrman Resources. Nattonal S, iene e Foundanan

Dr Rubert F Wutson. Divesion Director

Danson of Undermaduate Science, Encineerine ana Mattemanes Education,
Sananal Scienc e Foundatton

{ alloquium \gendz and Lials

Or Juk R Lihmann

National Scren: e Foaundation

iand the Unversuy af Mivigun, Ann Arhor)

Or Aneetea M Stucn

Cnneesin nf Califos ma. Bertelev

MENDW. NOVFUBER 5. 1990

Panel Nessions: VVision farthe Year 2010
AREA A EDUCATION
Panctl - Akaimng and mamamimg scientific and technotogical lueracy for everyone.

Chatr D Rohert Perrv Ohia Stare L miversin

[€)

ERIC

PAruext provided by ERIC
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Panei I} - Encouraging curmiculum fenewai 4nd the development ol new feamine ronmens n¢luding
luboratories and field expenences.
Charr Dr Duonad L Frevoere, Stantond Lonversin

Panei IIl - [ncorporating new and evolving technologies 1nto the curnculum. especially intormaton and
womputer technologies.

Chair- Di Sulls Woed. Suata Clura Uniner sin
AREA B HUMANRESOURCES

Panel IV . Encouraging and prepanng students 1or carcers as precotlege and college tacults

Charr Dy Mak s Miznucne Codumpre Cnne un

Panet ¥ - Assunne carees parnicipauon 0y all so<ietal groups. especially women. mnorines., and persons
with disabilities.

Chan Di Susun L Brantlex Peunsvivuma Stare Unversaiy
Panzi VI - Developing soung taculty duning the crtical s ¢2ss 10 lenure.

Chanr D+ Deare D Demton L nivessits of Wisq onsin, Mudison

N0y m Break

AR NFEL ArCa Sessinns

Area A 1Paneds -1l and Area B tPancis [V meel insepacate sessions 1o exchange 1deds and develop a
<omoosite visian loreach area.

o am Pleaan Sessinn

Both Areas meet logether to present their COMPOSIE vISIONS.

Lunch
Sreuner Or Edwurd A Knapp Director

Los Alume. Meson Phvaes Faalin
Los Alumos \gnonal Laboruton

Panclyessmins: ke [ nurses uf \etion

The six panels meet separately to 1dentity the key courses ot acion 10 achies e the COMpOvIE v 150N
feveioped in the MOMINE se5:0n8

BEST CG#Y AV




Break

fancl Sessions: Specific Recommendadions

The six groups conuinue 1o meet separately and drart specific recommendations 10

1) higher cducation.
in general. and faculty. inparuicular, 2) NSF. and 3) others as idenufied by the panels.

Reception

Banquet

Speaker:Dr. Chorles M.\ est. President
Massachuseus institute of Tec hnofogy

Summanfintegration Session

One person from each panel and the colloquium <o-chaies will meet 10 summarize and integrate the
highlights of the visions. courses of action. and recommendations 1n preparanon for developing a draft of
the report for Tuesday morning.

TUESDAY. NOVEMBER 6. 1990

"anc] Sessiony: Repart Drafls

Each panel mecets separately 10 review the ighlights irom the Summary/Integration sesston of Monday

evening. develop a draft of the panel’s contnbutions 1o the colloquium repor, and prepare remarks for the
REXTIWO 5€3510NS.

Break

Plenary Sewsion: Review of Report Brafis

All panels meet 10 present their key courses of action and specific recommendations and fo share their

report drafis. The session will conclude with a general discussion of any other related 1ssues, 1deas. etc.
Lunch

PRESENTATION AND DISLLSSION WITH THE SCIENCE ADVISOR
TO THE PRESIDENT. \SF DIRECTOR AND ASSISTANT HIRECTORS

Speciat Guest.  Dr.D Allun Bromley

Assistant (0 the Prestdent for Science and Technoloey

\djeurnment




164

EPILOGLE

The LSEME sponvored Presruennat Yonae Imesigaror Collogquauen on 4 > Lavmerrne Matematno s s Scence
Educution toe thre Year 2010 yna Bevoana, wal, all hope. lead 10 a report whica 1s usetul 10 readers in avademia and

government with educational polics Making responsibiities. Howeser. it matof detiefats man direads ha.e been delivered in
the Tives of ats parucipants
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Adviser tor an hour-and-a-lslf atihe concluding presentation ol the meeang s short. the report outlined and dralied at the
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Mr. TaorNTON. Thank you, Dr. Lohmann, for a fine written doc-
ument. The recommendations you highlighted will be considered
along with the several recommendations you made, which are in-
cluded in your written report.

Dr. Denton, wa'd be pleased to enter your prepared testimony in
the record, and ask you to summarize it.

STATEMENT OF DR. DENICE D. DENTON, ASSOCIATE PROFESSOR,
DEPARTMENT OF ELECTRICAL AND COMPUTER ENGINEERING,
UNIVERSITY OF WISCONSIN AT MADISON, MADISON, WISCON-
SIN

Dr. DenTON. Thank you.

I would like to begin by thanking the House of Representatives
for promoting me to the rank of Associate Professor, prior to the
University of Wisconsin’s taking that action.

Mr. TrornTON. It's merely a forecast.

Dr. DENTON. Yes. I am, in fact, an Assistant Professor of Electri-
cal Engineering at the University of Wisconsin, and I also partici-
pated in the PYI Colloquium on America’s academic future.

I am from Texas, originally, and I attended MIT, where I re-
ceived the Bachelors, Masters, and Ph.D. degrees in electrical engi-
neering.

In my freshman year at MIT, I took the introductory circuits
course. The instructor was highly theoretical, and refused to draw
circuit component symbols on the blackboard. Instead, they were
represented as boxes.

This complicated greatly the assimilation of the material and,
consequently, the class average on the first exam was very low.

The professor was so disappointed in our performance that he
mailed out form letters to all of us receiving a grade below a cer-
tain cutoff, informing us that we are not cut out for a career in
electrical engineering, and should seriously consider transferring to
another major.

This was disheartening and discouraging, and I came very close
to transferring to Harvard to major in humanities.

I believe it never occurred to this faculty member that there may
have been something amiss with his instruction, rather than with
our intellects. I believe this example illustrates, in a concise way, a
serious problem in undergraduate engineering education.

The tenure guidelines across the country uniformly denote excel-
lence in teaching, research, and service. This sounds great but, un-
fortunately, at many research universities, it is made clear to
junior faculty that only one of the three areas is recognized at
tenure time—research.

Young faculty have two career interests—teaching and research.
They have boundless energy and enthusiasm for teaching and edu-
cation, which the current tenure process extinguishes almost im-
mediately.

Senior faculty pull their young colleagues aside and admonish
them for spending too much time on teaching. This has happened
to me and to many of my colleagues.

On this point, the PYI report states, “The tenure system at
present confines the faculty to a narrow spectrum of activity. Al-

1
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though individual research programs may differ dramatically, it is
unlikely that an outside observer would view our faculties as di-
verse. This lack of diversity is exhibited in sex, race, and breadth of
intellectual pursuits.”

In essence, the tenure process tends to leave out women and
people of color. Given the demographic realities of the 21st Centu-
ry, this state of affairs is intolerable. Until women and minorities
occupy tenured positions on the faculties of America’s universities,
we will not be able to provide quality undergraduate science and
engineering education to all of the women and men on campus.

I have worked to increase the participation of women and mi-
norities in science and engineering. I'm the faculty advisor for the
Society of Women Engineers, and I frequently visit K-12 class-
rooms.

I am deeply committed to the enhancement of diversity among
scientists and engineers. I am, however, reluctant to discuss these
a}citivities with my colleagues, since they question why I pursue
them.

Recently, I traveled around the state to encourage high school
girls to study engineering. One of my colleagues asked me if we
could get together, and I informed him that I would be off on this
recruiting trip. His response was, “Wow, we sure have different
value systems.”

His value systems were in large part molded by the tenure proc-
ess, and it is not surprising to find that he did not revert to a
broader and more flexible outlook after his promotion.

So what can be done to improve this state of affairs? The recom-
mendations of the PYI group include: first, young faculty must
have the resources available to pursue innovations in education.
We've all alluded to this.

In particular, I would recommend increases in the level of fund-
ing for the instrumentation in the laboratory improvement pro-
gram, and the undergraduate curriculum and course development
in engineering, math, and the sciences program.

It is essential, however, that the funding of these programs is not
enhanced at the expense of research. There is a perception among
faculty at research universities that the NSF budget is zero sum in
that monies allocated to education are taken away from research.

This leads to great acrimony and drivez major researchers even
farther away from active participation in the education enterprise.
The hope is that researchers can be encouraged to become engaged
in education, and this will not be possible if the advocates for edu-
cation are viewed as villains and Robin Hoods.

Quality education and research in academia are both essential to
U.S. competitiveness, and should both be supported at the greatest
possible levels.

Second, performance in teaching, research, and service must be
truly encouraged and rewarded. When this point is raised in the
university, a common refrain is, that it is so difficult to evaluate
excellence in teaching.

This was, in fact, indicated in the background report for this
hearing. I would argue that this statement is completely uufound-
ed, as was alluded to earlier by Dr. Pister.

7
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In addition to student evaluations, we can use classroom visits by
fellow faculty, alumni evaluations, and internal and external peer
review of instructional materials.

The Academy puts much time and effort into peer review of a
faculty member's research. It can and should do the same for
teaching achievements.

Finally, there are 3,000 institutions of higher education in the
country, and only about 100 of these are research universities. It is
important to ensure quality education at all of these institutions.

One may argue that the PYI report is focused on the 100 re-
search universities. However, many of the teachers at the remain-
ing 3,400 institutions and a large fraction of the K-12 teachers are
trained at the research universities.

Success in elevating the status of teaching in research universi-
ties will have an impact across the educational spectrum in that
future teachers at all levels will not only learn science and engi-
neering, but they will also learn how to teach by example, if teach-
ing excellence becomes the norm at the 100 research institutions.

I believe we can achieve this goal of teaching excellence with
alacrity if the recommendations presented today are put in place.

I hope I speak for all the panelists in saying we look forward to
working with the Subcommittee on Science to ensure their imple-
mentation.

Thank you for your attention.

(The prepared statement of Dr. Denton follows:]
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THE QUALITY OF UNDERGRADUATE SCIENCE EDUCATION:
ACHIEVING A BALANCE BETWEEN TEACHING AND RESEARCH

Denice D. Denton
Assistant Professor
Department of Electrical and Computer Engineering
University of Wisconsin-Madison
Madison, Wi 53706

I received the BS, MS and Ph. D. degrees in Electrical Enginecring from MIT. 1
began my studies there in 1977. In my freshman year, [ chose to take the introductory
Ievel circuits course normally taken in the sophomore year. This was a difficult course and
the difficulty was compounded by the fact that the instructor was highly theoretical and
refused to draw actual circuit components on the blackboard. All resistors, capacitors and
inductors were represented as boxes. This complicated greatly the assimilation of the
material, especially for the more practically minded students. As a result, the class average
on the first exam was very low. The professor was clearly disappointed in our
performance. He even went so far as to mail out form letters to all of us receiving a grade
below a certain cutoff level chosen by him. This letter informed us that based on our
performance on the first exam, we were obviously not cut out for a career in electrical
engineering and we should seriously consider transferring to another major. Needless to
say, receiving this letter was most disheartening and discouraging. One of my peers took
the professor's advice and transferred to the Sloan School of Management. I came very
close to transferring up the Charles River to Harvard to major in humanities. [ believe now
that it never occurred to this faculty member that perhaps there may have been something
amiss with his instruction rather than with our intellects. Furthermore, in retrospect and
speaking as an electrical engineering faculty member, it was incredibly inappropriate to
suggest to an entire cadre of students that they should seek altemative career paths based on
the performance on a single exam. I believe this example illustrates in a concise way some
of the problems endemic in undergraduate science and engineering education.

Since joining the ranks of the engineering faculty, I am beginaing to understand the
reasons for the deterioration in undergraduate science and engineering education. The
tenure guidelines in universities across the country uniformly denote excellence in teaching,
research and service as requisite. On the surface, this sounds good. One would expect that
faculty members about to be given job security for life should be teachers and researchers
of very high quality and outstanding citizens. Unfortunately, at many research universities
it is made clear to junior faculty members very carly that only one of the three areas is truly
evaluated and recognized at tenure time: RESEARCH. Of course, the desire to do state-of-
the-art research is a primary reason for junior faculty to join such institutions. But, young
faculty arrive on campus with two major career intercsts: teaching and research. These
young people have great contributions to make. (hey have boundless energy and
enthusiasm for teaching which the curreat tenure process successfully extinguishes nearly
immediately. Itis not uncommon for senior faculty to pull their young colleagues aside and
admonish them for spending 100 much time on teaching. This has happened to me and to
many of my peers. This lack of recognition of teaching in the tenure and reward system
MUST CHANGE. .

What is'wrong with the tenure process? At research universities, the tenure process
is an effective mechanism for chuming out hundreds of nearly identical faculty members.
1t allows minimal breadth in intellectual pursuits and it recognizes only one contribution-
research narrowly defined. In essence, young people enter this pipeline at one end and six
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years later, the ones who are left standing look very similar to one another. As the National
Scxcncc Foundation Presidential Young Investigator report

states: "The tenure system at present confines the faculty to a narrow spectrum of activity.
Although individual research programs may differ dramatically, it is unlikely that an outside
observer would view our faculties as diverse. This lack of diversity is exhibited in sex,
race, and breadth of intellectual pursuits." A key point here is that not only does the tenure
process yield researchers with litde enthusiasm left for teaching, it also tends to leave out
women and people of color because it is an inherently narrow filter. Given the
demographic realities of the 21st century, this state of affairs is intolerable.

As a facuity member in Electrical and Computer Engineering at the University of
Wisconsin-Madison, | have worked extensively to increase the participation of women and
underrepresented minorities in science and engineering. In particular, [ am the faculty
advisor for the Society of Women Engineers (SWE) and I frequently visit K-12 classrooms
around the state to encourage kids to consider technical careers. [ am reluctant, however,
to discuss my precollege and outreach activities with many of my colleagues. They cannot
understand why I would participate in activities that take time away from my research
program. Recently, 1 travelled around the state with some students from SWE to
encourage high school girls to study engineering. One of my colleagues asked me if we
could get together and I informed him that [ would be off on this recruiting trip. His
response was: "Wow, we sure have different value systems.” His value systems were in
large part molded by the tenure process. It is important to understand that junior faculty
spend five to six years working toward a single goal: tenure. If the road to this goal is
inflexible and narrow, it is not surprising to find that tenured faculty members are often
inflexible and narrow in their outlooks. Most people cannot spend five years fully engaged
in one mode of operation and then after tenure, suddenly revert to a broader and more
flexible outlook. This lack of flexibility and allowance for breadth in the tenure process is

perhaps the most responsible for the deterioration of undergraduate science and engineering
education.

I panticipated recently in a National Science Foundation colloquium for Presidential
Young Investigators (PY1). The charge to the group was to consider engineering, math

and science education in the year 2010 and beyond. The result was the report America’s

. The group consisted of about 60 young and well established researchers
from a broad vancty of disciplines at primarily research universities. There was an
overwhelming consensus among the participants that major changes must be made in the
academic infrastructure to insure a quality education for all students, especially women and
undermrepresented minorities. One of the key notions is that the academic culture must
change. The participants believed strongly that the academy must accommodate the
demands and desires of young faculty members to engage themselves actively in the
business of educating the next generation while also enthusiastically pursuing their rescarch
programs. At present, the belief is that this is nearly lmposmblc given the constraints of the
tenure and rewards process.

RECOMMENDATIONS

There are a number of recommendations made by the PYT group to enhance the
quality of science and engineering undergraduate education. Foremost among these are
two:

1. Young faculty must have the resources available to pursue innovations in
education. It is recommended that NSF “...assure long-term, faculty-oriented support for
instructional experimentation and educational innovations.” In particular, [ would
recommend increases in the level of funding for the Instrumentation and Laboratory
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Improvement Program and the Undergraduate Curriculum and Course Development in
Engineering, Mathematics and the Sciences Program. These are programs where
individual faculty members can male a substantive contribution, and the tenure process
requires that faculty show an ability to independently succeed in securing funding for
programs and achieving the desired objectives. In addition, an increase in the education
budget will encourage faculty to propose innovative programs. As the PYIreport states:
"There is a misconception in our universities that teaching and instructional innovation are
less valuable, less difficult, less creative, and less scholarly than research. The Federal
government, through its agencies and their past budget priorities, shares a principal
responsibility for this misconception.” This situation should not be perpetuated.

It is essential, however, that the funding of these programs is not enhanced at the
expense of research programs. There is a perception among faculty at research universities
that the NSF budget is zero sum in that any monies allocated to education are taken away
from research. This leads to great acimony among the faculty and drives major
researchers even farther away from active participation in the education enterprise. The
hope is that the senior researchers can be encouraged to become engaged in education and
this will not be possible if the advocates for funding of education programs are viewed as
villains and Robin Hoods. Quality education and research efforts in academia are both
essential to the competitiveness of the counry. We must insure that both are supported at
the greatest possible levels.

2. The academy must "..adhere to the true spirit of tenure and promotion criteria.
Excellence and quality of performance in teaching, research, and service must be truly
encouraged, valued and rewarded.” When this point is raised in the university, a common
refrain is: "Butit is so difficult to evatuate excellence in teaching.” In fact, the background
statement for this hearing declares "In contrast to research, where the academic acumen of
faculty can be readily assessed and rewarded on the basis of publications and research
grants, the metric to assess and reward excellence in teaching is far more complex.” I
would argue that this statement is completely unfounded. The simple way to evaluate
research is to count the number of papers published and the number of research dollars
brought in and then to equate large numbers with excellence. One could just as easily count
the number of students taught and the number of education dollars brought in. Of course,
neither of these metrics yields a true indication of quality in research or teaching. To truly
evaluate excellence in either endeavor is difficult and complex. It requires a combination of
internal and external peer-review. The PYI report states that the academy should
"...tequire internal and external peer-review of a candidate’s instructional
accomplishments. In addition to student evaluations, we suggest classroom visits by
fellow faculty, alumni evaluations, and internal and external peer-review of instructional
materials and other disseminable educational products, and refereed pedagogical
publicatons.” The academy puts much time and effort into internal and external peer-
review of a junior faculty member's research. Tt can and should do the same for teaching
achievements. This would accomplish the dual goals of including teaching performance in
the tenure review process and making clear to faculty at all levels that the contribution to
education is as essential and highly rewarded as that to research. Finally, in assessing
teaching in the tenure process, teaching should be broadly defined. It is important to
consider contributions to education made over a large spectrum. These can and should go
well beyond classroom teaching.

In addition to the two recommendations above, I believe it is important to consider
several more possibilities. First, [ recommend that the National Science Foundation
sponsor a meeting of junior faculty, senior faculty and administrators from research
universities. The charge to this group should be to develop strategies and tactics for the
elevation of the status of teaching in universities with science and engineering programs.
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There are a number of groups beginning to address the issues being discussed in this
hearing and it is essential to consolidate their efforts to insure that the desired ends are
achieved as rapidly as possible.

Second, we must recall that there are 3500 institutions of higher education in the
country and only about 100 of these are research universities. It is important to insure
quality undergraduate science education at ali of these institutions. One may argue that the
PYTI repont is focussed on the 100 research universities. However, many of the teachers at
the remaining 3400 institutions are trained at the research universities. In addition, a large
fraction of the K-12 teachers are also educated there. Clearly, success in elevating the
status of teaching in research universities will have an impact across the educational
spectrum. Future teachers at all levels will not only learn science and engineering, but they
will also learn how to teach by example if teaching excellence becomes the norm at the 100
research institutions. In addition, elevating the status of teaching at the research
universities will enhance the prestige of teaching at ail levels. Congressional committees
with oversight responsibilities for the tax payers' money should endeavor to insure that the
tenure and reward system guarantees a quality education for students at all 3500 institutions
of higher leamning.

I would like to conclude by re-emphasizing the clear and present need to insure the
participation of women and minorities in science and engineering at all levels. This is
particularly important given the context of the rapidly changing demographics of the US
work force and the need to insure international competitiveness. The barriers to
participation of underrepresented groups are many and varied and will not be adequately
lowered until there is a critical mass of underrepresentented groups in senior positions.
Such individuals are the only ones who can truly understand all of the biases and patterns
of discrimination and therefore help remove the barriers, empathize with the young students
and faculty members struggling to surmount them, and in the long run help to remove the
barriers entirely. This illustrates the urgent need for role models at all levels. This need is
particularly important in the faculty ranks where tenured women and minorities in the
sciences and engineering are few and far between. The lack of faculty role models is due in
large part to the narrowness, inflexibility and time scale inherent in the tenure process.
Women and minorities in academia hit the glass ceiling much sooner than do their
counterparts in industry due to the compressed time scale of the tenure process. Itis very
unlikely that an entry level employee at IBM will be bucking for a top management job in
five years. But thatis the time frame in which a young faculty member comes up for the
ultimate promotion to membership in The Club. The PYI report recommends that "...we
encourage inclusion of underrepresented groups on tenure and promotion committees for
candidates from these groups.” This is an essential first step. Until women and other
underrepresented groups occupy tenured positions on the faculties of America's
universities, we will not be able to provide quality undergraduate science and engineering
education to al] of the women and men on campus.
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Syracuse Seeks a Balance Between Teaching and Research
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Syracuse Wants to Place More Emphasis on Teaching
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Mr. THORNTON. Thank you, Dr. Denton, for your fine summary of
your excellent testimony.

I must recognize that we have once again been called to vote on
a measure over in the House of Representatives. I want to make
this vote, so I am going to declare a 10 minute recess, at which
time I will be back, and we will have an opportunity to explore
with some questions.

Thank you. We'll be recessed for ten minutes.

[Recess.]

Mr. THORNTON. The hearing will resume.

I must tell you that we will have another vote or series of votes
in a few minutes, so I may have to abbreviate the questioning to
some degree,

I was very impressed with all of your analyses of the distinction
beiwzen research and teaching as being at opposite ends of a bal-
ance beam, and considering that the two were a coin—opposite
sides of a coin—or connected intricately with each other, and I
accept that. I think that teaching and research are part of the
process of developing the creative part of a human mind and then
sharing that with others.

Still, two elements of the tricameral troika of education — re-
search, teaching, and service—two are generally not considered as
much as the research. The research is easily gradable. It's some-
thing that you can—and I thought your comments that there were
ways to grade the others were important.

But one thing that has troubled me as we talked about teaching
and research is that very little attention has been given to service.

I'd like to ask each of you to give me an illustration of some ele-
ment of service that you have provided in your own career, some-
thing quantifiable or appropriate to that function. I heard some ex-
amples as I listened, but I'd like to get a specific case from each of
you.

Dr. Neal, would you begin.

Dr. NeaL, Yes, Mr. Chairman.

Service, as I'm sure you are quite well aware, is a very broadly
defined term, and many departments use it. Many universities use
it to refer to national service, all the way down to service in one’s
own department. I'll just give you two examples at the two ex-
tremes of that for me.

I participated in mentoring of graduate students and undergrad-
uate students at our university, meeting with them regularly, deal-
ing with issues that they have, ranging from academic to personai
ones. So, that’s one extreme of that spectrum.

The other for me vas, for example, service on the National Sci-
ence Board.

Mr. Tuoewron. Hight, right. Dr. Ward.

Dr. Wak:. Yes, I could site a number of examples. Certainly,
servicing as Chair of the National Research Council Committee on
Biology in Service ducation is a really important service activity
that I'm directly iuvolved in.

But many of our outreach activities, at least in our university,
are classed as service. I think that that’s one of the things that we
put a large emphasis on and use resources from our Howerd
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Fiughes Grant to develop programs for elementary school teachers,
for high school teachers, and so on.

Now, I'm arguing with the university that I want them to change
the definition of teaching to where that becomes called teaching.
The reason for that is that if you thirk P&T committees don’t pay
attention to teaching, you ought to see how little attention they
pay to service.

Mr. THorNTON. This is the point that I'm trymg to bring up.

Dr. Warp. I think, you know, we all say it's in our mission and,
particularly, at the land grant university, it really is in our mis-
sion, and that is our task.

Now, we have faculty that—since I span the college of medicine
and the college oC cgriculture, we have faculty in those colleges
which have a dirc.i, inore mission orientation that certainly are
performing service, and are connected to the agriculture extension
service, for example.

Mr. TuorNTON. Well, of course the agriculture extension service
is a text book example of that mission being carried forward.

Dr. WaRrD. Yes, and I think there are many more opportunities
to expand that and, I think, like teaching, it's inhibited by the fact
that, in fact, it’s not.

It is not recogmzed and rewarded in a way that it could be. But
that’s an issue that maybe you might want to take up with a sepa-
rate hearing.

Mr. THorNTON. Well, in any event, the National Science Founda-
tion’s charge is to prov1de support for both teaching and research.

Im not sure that the NSI’s charge contains a commitment to
service. Is my understandlng of that correct?

Dr. Warp. I'm sorry that I don't know the answer to that. I
think you are, but again—

Mr. THORNTON. I believe that that is in the language of the stat-
ute that the NSF, since its formation, dealt with both research and
teaching, but not with service.

So, perhaps it's inappropriate to this hearing to be discussing
this, and yet, as a former academician, I'm deeply concerned that
little emphasis has been given.

Dr. Warp. I think that’s an issue that you ought to address.

Mr. THORNTON. Dr. Lohmann.

Dr. LouMANN. Yes. I'm very proud to say that I recently served
at the Naticnal Science Foundation as Program Officer in the Divi-
sion for Undergraduate Science, Mathematics, and Engineering
Education.

Without question, it was probably the best two and a half years
of my professional career, and indeed of my professorial career.

I would go on to mention, though, that it was a decision to serve
that was very difficult to make. It was at a time in my career when
I was an associate professor, and I was very concerned about how
my colleagues might view such servica.

I can tell you with great pride that the leadership at the institu-
tion that I was with at that time was vety supportive of my going
to the National Science Foundation. But with respect to my col-
lcagues, the perspective was quite dlfferent

One of the things that I think we've got to start thinking about
in our institutions—and this mirrors off of my colleagues’ com-
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ments—we’ve got to start broadening what is the definition of
“scholarship” in our institutions.

We've got to stop thinking that if you can’t get a grant to do it,
get a Ph.D. thesis on it, or write a paper about it, it's not worth
doing. Public service falls into that category.

We have some very critical national priorities, like the increased
participation from women, minorities, and others who are not tra-
ditionally, at the present time, in our programs.

That's not an instructional issue. That’s not a research issue.
That's a social issue. It’s something that we need to start paying
more attention to.

Mr. THOrRNTON. Thank you, Dr. Lohmann.

Dr. Denton.

Dr. DenTON. Yes, thank you.

In terms of more traditional service, I've served in the National
Science Foundation Advisory Committee for the Division of Electri-
cal and Communications Systems.

I'm now a member of the National Research Council Board on
Engineering Education, which is chaired by Dr. Pister, and on
campus, I'm on a variety of college and department commitzes.

With respect to what Dr. Lohmann was just saying, I'd like to
comment on the fact that in this period of trying to bring more
women and under-represented groups into the science and engi-
neering enterprise, women and minorities are called on with great
frequency to take on responsibilities and engage in activities that
our white male counterparts are not asked to do.

I think it is very important to recognize that during this transi-
tion period, while we are trying to integrate everyone into the
system, it's important to pay attention to that issue, and it’s exac-
eﬁoated by the fact that as we've all said, service doesn’t count at
all.

So then you have the very people that you're trying to really in-
tegrate into the system being left behind because they did partici-
f1‘)at,e so much in those service activities, and then received no credit
or it.

Mr. THORNTON. Thank you, Dr. Dentou.

Dr. Neal, you have cited that numerous projects exist to improve
undergraduate education. Could you pick an exemplary case from
the University of Michigan and share it with us?

Dr. NeaL. Yes. One example is that the university started its
own research experience for the undergraduate program, even
before the NSF program was underway. That’s a program where
one aspect of it was directed to minority students.

fer"P THORNTON. With what effect? Has it begun to show an
effect?

Dr. NEaL. Well, it's hard to tell. You have to follow these for
many years, but there is the sense that there is nothing more im-
portant in undergraduate education than to provide students with
an opportunity to work closely with faculty.

So they provided that for our students to work with our faculty
in the summer. That's one example of an initiative under way at
the university, and there are several others. Many departments are
coming forward with their own proposald. Some departinents are
proposing—
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Mr. THORNTON. Is there a way to share these successes across the
university?

Dr. NEaL. Across the university? There is a mechanism. The sci-
ence chairs at the University of Michigan do meet regularly as a
group.

When there are activities in one of our departments that seem to
bﬁ successful, information about that is shared with the other
chairs.

Mr. THORNTON. Thank you, Dr. Neal.

Dr. Ward, you mentioned the undergraduate biology research
program, which was cited in “Science Magazine’’ in January of this
year. Did you encounter any failures in implementing the program
or any lessons learned that might be helpful to other people?

Dr. Warp. Yes. We learned quite a lot of some sort of silly tech-
nical details and some were more significant. We started off early
on—and we're actually preparing a publication on this.

To our surprise, we have found very few examples in the litera-
ture of people who have really developed a program and analyzed
it in some detail as to what actually works.

For example, when we started off, we had students start in the
middle of the school year. We discovered that didn’t v ork, because
undergraduates have a lot of demands on them

Mr. THORNTON. Yes.

Dr. WarD. So now, all students have to start in the summer
where they can work full-time.

Mr. THORNTON. Yes.

Dr. Warp. Then, by the time they've worked in a lab ten or
twelve weeks during the summer, they then know enough that
they actually can continue part-time and do something. That'’s a
small advance.

Again, many of these things are rediscovered wheels. Other
people, if we knew who they were and where to find them, we
could have gathered some of that information.

Mr. THORNTON. That, again, addresses this question of the dis-
semination sharing of information.

Dr. Warp. Absolutely. I mean, I'm looking forward to reading
these reports.

One of the enormous sources of dissemination in biology is
through these Howard Hugh programs, which are now supporting
almost 200 programs. When the program directors meet, and they
prepare reports you get to find out what other people are doing in
the rest of the country.

We've put a lot of investment into multi-media technology in our
introductory biology courses and it really increased the number of
students enrolled.

Again, by the same mechanism that Dr. Neal has said, when we
meet and discuss with the other faculty of science department
heads, this undergraduate program, which is now in biology, other
people are beginning to develop in other disciplines, and they are
using the same tools.

kSo, as long as the disciplines commumcate, 1 think we need to do
that.
Mr. THorNTON. Thank you, Dr. Ward.
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Dr. Lohmann, you have co-chaired a colloquium, which produced
the report “America’s Academic Future”. It had a number of spe-
cific recommendations regarding the crisis in science education.

How'’s that been received back in Georgia Tech?

Dr. LoHMANN. So far, I would say it's been received fairly favor-
ably. The president of our institution, Dr. Crecine, is going to dis-
tribute a copy of the report with a very positive letter of support to
every Georgia Tech faculty member. It’s just now reaching, if you
will, circulation among the faculty.

As you can well guess, there are those who are enthusiastic sup-
porters, and others who are less enthusiastic supporters. Nonethe-
less, I'd say on the balance, it’s being fairly favorably received.

Mr. TuornTON. Do you know whether the National Science
Foungiation is taking steps to implement any of these recommenda-
tions?

Dr. Loumaxn. I believe, at the present time, that the report is so
new that we are at the stage—

er;. THORNTON. So you can not make that determination right
now?

Dr. LouMANN. No. I can say this, I'm going to be speaking to the
National Science Board at one of their upcoming meetings. I think
it is in June—I can’t remember the exact date—to provide them
with a summary of the report.

I'm also going to be speaking to the Education and Human Re-
source National Advisory Committee within that directorate, also,
to again summarize that report.

So, there's clearly opportunities there for the National Science
Foundation to begin tallzing steps.

Mr. THORNTON. Dr. Denton, you made a strong assertion that it
was possible to evaluate teaching and that the excuse that you
simply can’t measure it is not really an appropriate excuse.

Could you expand on that some? How do we go about addressing
that question of evaluation of teaching?

Dr. DENTON. Well, as a preface, I would comment that if you look
at what the Academy does now carried to an extreme, the evalua-
tion of research can degenerate to a counting exercise—counting
research publications and counting dollars.

Given that sort of an approach to assessing quality, one could
certainly count numbers of students taught and count or average
the teaching evaluations. Obviously, neither of these is acceptable.

Mr. THORNTON. Yes.

Dr. DEnTON. So, I think, the preface has to be that it's an over-
statement to say that we evaluate research very well—that we
assess quality in research very well. But we can’t do that in teach-
ing. I think that is really wrong.

So, to go on from there, though, I think it's easy to start listing
some ways to really evaluate both of those,

Mr. THORNTON. So there may be problems in evaluating both.

Dr. DENTON. Yes.

Mr. THORNTON. And, of course, Dr. Ward mentioned his difficulty
with the per credit hour number of hours taught, and that does
strike me as being not the best way of evaluating teaching, just by
multiplying the number of classes you have times the average
number of students in each class.

lt'r
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Dr. DenTON. Right, and the proper evaluation of both, I believe,
is complex.

Mr. THORNTON. Yes.

Dr. DENTON. And, I think that what we’'ve done is, because re-
search is the part of the spectrum that's rewarded financially, we
spend more time worrying about evaluating that.

Mr. THORNTON. Dr. Ward, if you can give me just a few quick
comments.

Dr. Wagrp. Can I comment quickly on that issue.

I think we can do it. I agree, very much, with what Denice has
said. I think we commonly evaluate research fairly superficially.

But we can collect student evaluations, that’s one kind of thing.
It’s not hard to have your faculty go over the curricula and sylla-
bus of a course to see what the content is. One thing students cun’t
evaluate is coentent. They have no idea whether what you are
teaching them i. what you ought to be teaching them.

Mr. THORNTON. Yes.

Dr. Warbp. Your faculty can do that. Then you can interview stu-
dents when they graduate, because one of the problems is, you are
educating people, not for what they think when they took your
final exam on that day. You care what they thought about your
course. Where you really care about it is when they start their
career.

Now, that gets really expensive and hard to follow alumni, but at
least you can interview your seniors when they graduate and ~ol-
lect their opinion. Well, which courses did you take that really
made an impact? Well, I haied that course when I took it. But boy,
you know, it turns out, I really learned that biochemistry, and I
needed it later on.

Those are the kinds of things which you can do, but it’s a lot of
work.

Mr. THORNTON. Yes.

Dr. WARD. But it's something we have to do.

Mr. THORNTON. I agree. It's something we have to do

On that note, and under the pressure of having to go to the floor
of the House to make another vote, I ask if each of you would
agree to respond to such additional questions as the staff may ad-
dress to you in writing.

Thank you very much for your excellent testimony. I apologize,
again, because I'm just getting warmed up. I'd like to continue this
dialogue, but rather than have you wait here while I go to the
floor, and then return, I will declare that this hearing is adjourned,
and thank you.

[Whereupon, at 4:44 p.m., the subcommittee adjourned, to recon-
vene at the call of the Chair.]

[The prepared statement of Mr. Costello {ollows:]
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FR. CHAIRMAN, THANK YOU FOR CALLING THIS HEARING. I AM PLEASED
TO BE HERE AS WE ADDRESS THE PERCEPTION THAT THE QUALITY OF
UNDERGRADUATE SCIENCE EDUCATION HAS DETERIORATED. I WOULD LIKE
TO TAKE THIS OPPORTUNITY TO WELCOME OUR EXPERT PANEL. I AM

. LCOKING FORWARD TO HEARING THE WITNESSES’ TESTIMONY.

MR. CHAIRMAN, OUR NATION HAS LONG ENJOYED AN INTERNATIONAL
REPUTATION AS A WORLD LEADER IN SCIENCE. RECENTLY, HOWEVER, WE
HAVE BECOME AWARE OF ALARMING STATISTICS WHICH POINT TOWARD A
DEFICIENCY IN SCIENCE LITERACY IN OUR COUNTRY. A RECENT REPORT
FOUND THAT U.S. STUDENTS IN ELEFMENTARY AND SECONDARY SCHOOLS
PALE IN COMPARISON WITH THEIR PEERS FROM MANY OTHER NATIONS WHEN

TESTED ON THEIR ABILITIES IN MATH AND SCIENCE.

ADDITIONALLY, DURING THE 19807S THE NUMBER OF UNDERGRADUATE
DEGREES IN SCIENCE AND ENGINEERING CONTINUED TO DECLINE. IN
<% LIGHT of THESE TRENDS, I AM COMPELI.LED TO WONDER IF THE QUALITY A

OF UNDERGRADUATE SCIENCE EDUCATION MAY BE A CONTRIBUT1NG FACTOR.
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I HOPE THAT TODAY’S HEARING WILL OPEN DISCUSSION ABOUT HOW TO

ENHANCE OUR NATION’S COMMITMENT TO PROVIDING QUALITY SCIENCE
EDUCATION TO OUR STUDENTS. I ANTICIPATE FRANK DISCUSSION ABOUT
HOW TO STIMULATE CULTURAL CHANGE WITHIN UNIVERSITIES TO BALANCE
‘fHE STATUS OF TEACHING WITH RESEARCH TO ENSURE THAT
UNDERGRADUATE STUDENTS RECEIVE A QUALITY SCIENCE EDUCATIOMN. I

AM ALS0 LOCKING FORWARD TO HEARING THE PANEL‘’S PROPOSED OPTIONS

I
19
AND RECOMMENDATIONS FOR MOTIVATING UNDERGRADUATE SCIENCE
EDUCATION IN COLLEGES AND UNIVERSITIES.
{
AGAIN, THANK YOU MR. CHAIRMAN FOR CALLING THIS HEARING AND FOR
YOUR CONTINUED LEADERSHIP OF THIS SUBCOMMITTEE.
.
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